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PREFACE 


In  the  present  volume,  will  be  found  descriptions  of  the 
structure  and  life  processes  of  a  number  of  representative 
animals  and  plants,  together  with  directions  for  their  study 
in  the  laboratory.  This  material  has  been  prepared  in  the 
belief  that  “there  is  no  adequate  substitute  for  detailed 
laboratory  work  on  the  structure  and  physiology  of  represen¬ 
tative  organisms  as  a  means  of  affording  a  first-hand  knowl¬ 
edge  of  the  facts  and  methods  of  biology”  (Woodruff).  It 
should  not  be  inferred  from  this  statement  that  the  author 
feels  that  such  a  laboratory  study  constitutes  the  primary 
object  of  a  course  in  General  Biology.  The  latter  certainly 
consists  in  giving  the  student  a  clear  conception  of  the  basic 
principles  which  govern  living  matter ;  but  at  the  same  time 
the  student  should  acquire  the  scientific  method  of  gathering 
related  material  from  various  sources  and  bringing  it  all  to 
bear  upon  the  problem  at  hand. 

The  question,  then,  is  one  of  supplying  the  best  method 
in  order  to  accomplish  the  desired  aim.  The  solution  of  the 
problem,  in  the  course  with  which  the  author  has  been  con¬ 
nected  for  a  number  of  years,  has  come  by  so  arranging  the 
work  that  every  possible  emphasis  is  placed  upon  the  fun¬ 
damental  biological  principles  by  means  of  lectures,  recita¬ 
tions,  and  demonstrations.  In  the  laboratory,  however,  a 
careful  search  has  revealed  nothing  that  can  take  the  place 
of  thorough  work  on  carefully  selected  representative  types 
which,  in  their  order  of  study,  are  taken  up  in  a  definite 
series  proceeding  from  the  relatively  simple  forms  to  the  more 
complex. 

For  such  a  course,  two  types  of  texts  are  needed.  In  the 
first  place,  one  which  emphasizes  the  principles  involved  and 
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deals  only  incidentally  with  specific  organisms,  or,  in  other 
words,  tells  the  story  of  biology  in  a  connected  fashion  un¬ 
obscured  by  too  many  details.  Such  is  the  Foundations  of 
Biology  by  Professor  L.  L.  Woodruff.  In  the  second  place, 
a  text  is  needed  which  supplies  a  detailed  description  of  the 
types  studied  in  the  laboratory,  gives  an  adequate  concep¬ 
tion  of  their  structure  and  life  processes,  and  also  links  up 
the  study  of  organism  in  such  a  way  that,  as  the  student 
progresses  from  day  to  day,  he  is  able  to  get  a  vision  of  the 
whole  field  and  to  realize  why  a  particular  animal  or  plant 
is  singled  out  for  study.  To  accomplish  this  second  need,  the 
present  volume  has  evolved  along  with,  and  as  a  complement 
to,  Professor  Woodruff’s  Foundations  of  Biology,  to  which 
page  and  figure  references  are  given  throughout. 

In  Part  II  are  given  the  laboratory  exercises  which  con¬ 
stitute  the  year’s  work  at  Yale.  The  development  of  these 
directions  during  the  years  that  they  have  been  used  has  been 
from  the  complex  to  the  simple.  They  now  represent,  so  to 
speak,  the  irreducible,  morphological  minimum  to  which  can 
be  added  such  physiological  experiments,  demonstrations, 
etc.,  as  the  personal  equation  of  the  individual  teacher  of 
biology  dictates  as  necessary  for  the  best  development  of  his 
particular  course. 

The  laboratory  directions  have  been  arranged  so  that,  in 
general,  each  sheet  embodies  the  work  of  a  single  laboratory 
period.  It  has  been  found  desirable  to  have  the  laboratory 
work  handed  in  each  day  for  inspection.  When  the  sheet 
is  returned,  it  may  be  mounted  in  a  loose-leaf  note  book 
together  with  the  detached  laboratory  sheet,  and  thus  at 
the  end  of  the  course  each  student  will  have  a  complete 
and  permanent  record  of  the  laboratory  work. 

The  material  in  this  book  has,  of  course,  been  obtained  from 
many  sources,  but  particular  mention  should  be  made  of 
Hegner’s  College  Zoology,  Wilder’s  History  of  the  Human 
Body,  Holmes’  Biology  of  the  Frog,  Martin’s  Human  Body, 
Huxley’s  Lessons  in  Elementary  Physiology  (Revision  by 
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Barcroft),  Ganong’s  Textbook  of  Botany,  Martin’s  Botany 
with  Agricultural  Applications,  Marshall’s  Microbiology, 
Gager’s  Fundamentals  of  Botany,  and  Kingsley’s  Verte¬ 
brate  Zoology. 

At  various  stages  in  its  development,  the  manuscript  and 
book  as  used  in  a  temporary  form  have  been  read  by  my 
colleagues  at  Yale,  Professors  Harrison,  Coe,  Woodruff, 
Petrunkevitch,  Laurens,  Swingle,  Buchanan,  and  Dr.  Hill 
to  all  of  whom  the  author  feels  greatly  indebted.  Special 
credit  is  due  to  Professor  Woodruff,  at  whose  suggestion 
the  writing  of  the  book  was  undertaken,  and  whose  critical 
reading  of  the  material  at  every  stage  in  its  development 
has  been  of  the  utmost  value.  The  author  also  desires 
to  acknowledge  his  great  obligation  to  his  wife,  Dorothy 
Morton  Baitsell,  and  to  Miss  Vivian  Dyson  Ailing  of  the  Yale 
Laboratory  for  the  editorial  work  they  have  done,  par¬ 
ticularly  on  the  index.  Finally,  the  author  desires  to  ex¬ 
press  his  appreciation  to  the  MacMillan  Company  for  the 
great  consideration  they  have  shown  in  all  arrangements 
connected  with  the  publishing  of  this  volume. 


Yale  University, 
July,  1923. 


George  A.  Baitsell. 
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PART  I 
DESCRIPTIVE 


MANUAL  OF  BIOLOGICAL 
FORMS 

I.  THE  ORGANIZATION  OF  LIVING  MATTER 

The  world  in  which  we  live  contains  a  great  many  forms 
of  living  organisms  which  are  known  to  us  either  as  plants 
or  as  animals.  The  study  of  all  living  matter,  whether  ob¬ 
tained  from  a  plant  or  from  an  animal,  constitutes  the 
subject  matter  of  Biology  as  distinguished  from  Botany, 
which  deals  entirely  with  plants,  and  from  Zoology,  which 
deals  entirely  with  animals  (W.  pp.  1-5)  .l 

Living  matter  is  technically  designated  as  protoplasm, 
and  wherever  found,  exhibits  certain  characteristics,  such  as 
a  peculiar  chemical  composition,  the  power  of  metabolism, 
the  power  of  growth,  the  ability  to  reproduce,  the  power  of 
adaptation,  and,  finally,  a  definite  organization.  These 
characteristics  collectively  serve  to  differentiate  it  from 
lifeless  matter  (W.  pp.  6-20). 

Among  the  characteristics  just  given,  the  one  with  which 
we  are  particularly  concerned  at  present  is  that  of  organi¬ 
zation.  Protoplasm  always  occurs  in  the  form  of  micro¬ 
scopic  living  units,  termed  cells.  In  other  words,  the 
protoplasm  present  in  a  plant  or  an  animal  is  not  a  single, 
unorganized  mass,  but  is  divided  into  definite  bodies,  the 
cells.  In  the  lowest  forms  of  life,  the  entire  organism  con¬ 
sists  of  a  single  microscopic  cell  which  is  able  to  perform 
the  essential  life  processes.  In  the  higher  forms  of  life, 
the  organism  is  built  up  of  an  almost  inconceivable  number 

1  The  references  in  this  book  designated  by  W.  refer  either  to  pages 
or  to  figures  in  Woodruff’s  Foundations  of  Biology,  2d  edition,  1923. 
(Macmillan.) 
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of  cells,  groups  of  which  are  specialized  for  certain  definite 
duties  in  the  life  of  the  individual,  such  as  nutrition,  repro¬ 
duction,  sensation,  etc.  Inasmuch,  therefore,  as  the  cells 
are  the  fundamental  units  of  all  living  organisms,  the  study 
of  them  is  the  logical  starting  point  for  the  attainment  of 
biological  knowledge  (W.  pp.  21-29). 

A.  The  Structure  of  Cells 

One  of  the  easiest  ways  to  get  an  idea  of  the  cellular 
organization  of  living  things  is  to  make  a  microscopic  ex¬ 
amination  of  a  bit  of  the  outer  epidermis  stripped  from  the 
surface  of  a  green  leaf.  This  material  forms  a  thin  layer 
which  encloses  the  leaf  and,  in  fact,  all  parts  of  a  plant. 
It  will  be  at  once  apparent,  as  the  result  of  such  an  ex¬ 
amination,  that  the  epidermis  of  the  leaf  is  not  composed  of  a 
sheet  of  homogeneous  material,  but,  on  the  contrary,  consists 
of  a  great  number  of  tiny  but  definite  units  —  the  cells.  The 
latter  are  in  close  contact  on  all  sides,  thus  forming  a  tissue. 
The  examination  of  the  various  parts  of  any  multicellular 
plant  or  animal  shows  that  a  condition  essentially  similar 
to  that  just  described  is  of  universal  occurrence  (W.  fs.  4-6). 

It  is  also  important  that  a  clear  conception  be  obtained 
of  the  fact  that  a  cell  is  not  a  flat  surface,  as  it  appears  when 
a  section  of  some  tissue  is  studied  under  the  microscope, 
but  that  it  is  a  solid,  having  length,  breadth,  and  thickness. 
The  various  dimensions  of  the  cells,  which  compose  a  plant 
or  animal  tissue,  can  be  obtained  bj^  a  microscopic  study 
of  material  which  has  been  sectioned  in  different  planes. 
We  may  take  as  an  example  sections  through  the  root-tip 
of  an  Onion.  In  general,  the  cells  present  are  so  arranged 
that  a  longitudinal  section  shows  them  from  what  may  be 
termed  a  side  view,  thus  giving  the  length  and  the  breadth. 
A  transverse  section,  on  the  other  hand,  shows  an  end  view 
of  the  cells  from  which  the  thickness  as  well  as  the  breadth 
may  be  noted.  From  these  two  views,  therefore,  the  three  di¬ 
mensions  of  the  cells  may  be  obtained.  The  same  principle 
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can  be  applied  in  the  study  of  various  other  plant  or  animal 
tissues.  A  study  of  the  red  corpuscles,  great  quantities  of 
which  are  present  in  blood,  shows  these  cells  as  solids  (W.  f.  7, 
J).  A  rough  comparison  is  often  made  between  the  cells 
which  make  up  a  living  organism,  and  the  bricks  which  make 
up  a  house.  Such  a  comparison  may,  perhaps,  give  one  a  faint 
conception  of  the  architecture  of  a  living  organism,  but  it 
fails  to  indicate  the  amazing  potentialities  of  these  funda¬ 
mental  protoplasmic  units  of  all  organisms. 

The  different  types  of  cells,  although  showing  considerable 
variation,  nevertheless  exhibit  a  fundamental  similarity  in 
structure  (W.  f.  7).  There  is  typically  an  outer  limiting 
membrane,  or  cell  wall,  which  is  often  regarded  as  an 
accessory,  non-living  part  of  a  cell.  It  is  probably  formed 
—  at  least  in  many  cases  —  as  a  secretion  by  the  outer  layer 
of  living  matter.  Its  chemical  character  usually  differs 
markedly  in  plants  and  animals.  In  plant  cells  the  com¬ 
paratively  thick  cell  wall  is  composed  of  a  substance,  known 
as  cellulose,  which  is  similar  to  starch  in  its  chemical  com¬ 
position,  while  in  animal  cells  the  wall  is  protein  in  character. 
Whatever  its  chemical  nature  the  cell  wall  is  permeable  to 
certain  liquids  and  gases,  and  thus  it  is  that  the  cells  receive 
and  discharge  all  of  the  materials  necessary  for  their  con¬ 
tinued  existence  (W.  f.  8 ;  p.  445,  Osmosis). 

The  cell  wall  encloses  the  essential  protoplasm  which  is 
differentiated  into  cytoplasm  and  a  very  small  central  body, 
the  nucleus  (W.  f.  8,  a-d ).  In  the  cell  cytoplasm,  as  a 
rule,  an  outer  layer  (ectoplasm),  which  lies  next  to  the  cell 
wall,  is  of  a  somewhat  different  nature  than  the  more  abun¬ 
dant  inner  portion  (endoplasm)  in  which  the  nucleus  lies. 
This  differentiation  between  ectoplasm  and  endoplasm  is 
particularly  marked  in  the  unicellular  animals.  Various 
other  inclusions  in  the  cytoplasm  are  to  be  found.  For 
example,  in  plant  cells,  the  cytoplasm  usually  contains  a 
number  of  pigment-bearing  bodies,  the  plastids  (W.  f.  8,  g ). 
Some  of  these  plastids  (chloroplastids)  contain  the  es- 
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sential  food-forming  substance  of  green  plants  (chloro¬ 
phyll)  which  will  be  considered  in  detail  later.  Not  all  of 
the  cytoplasmic  inclusions  in  a  cell  consist  of  living  mat¬ 
ter,  and  various  non-living  substances,  collectively  termed 
metaplasm,  are  present  (W.  f.  8,  e ).  The  metaplasm  in  a 
cell  varies  in  amount  and  character  at  different  times  and 
comprises  both  waste  products  and  reserve  food  materials. 
These  substances  may  be  in  the  form  of  water  vacuoles,  fat 
droplets,  crystals,  etc.  Typical  mature  plant  cells  fre¬ 
quently  contain  a  large  central  cavity,  or  cell  vacuole, 
filled  with  a  fluid,  termed  the  cell  sap,  which  contains 
materials  of  importance  in  the  life  of  the  cell  (W.  f.  8,  /). 
The  cytoplasm  also  contains  a  small  spherical  body,  lying 
near  the  nucleus,  in  which  is  the  centrosome.  The  latter 
plays  an  active  part  in  cell  division  (W.  f.  8,  h ). 

Surrounding  the  nucleus  in  a  resting  cell,  that  is,  one 
which  is  not  undergoing  division,  is  a  definite  nuclear 
membrane.  •  The  protoplasm,  which  constitutes  the  nucleus, 
is  known  as  karyoplasm.  A  delicate  network  is  frequently 
present,  composed  of  linin  fibers  (W.  f.  8,  c).  The  nucleus 
also  contains  an  extremely  important  material  which  stains 
very  deeply  with  certain  dyes  and  is,  therefore,  known  as 
chromatin  (W.  f.  8,  b) .  There  is  a  great  abundance  of 
evidence  at  the  present  time  which  goes  to  show  that  the 
chromatin  in  the  nucleus  of  a  cell  is  the  vehicle  for  the 
transmission  of  hereditary  characters,  and  therein  lies  its 
great  importance.  Frequently  a  tiny  spherical  body,  the 
nucleolus,  is  present  in  the  nucleus.  Its  function  is  more 
or  less  obscure  (W.  f.  8,  a). 

B.  The  Life  Processes  of  Cells 
1.  Metabolism, 

In  all  living  cells,  certain  metabolic  processes  are  con¬ 
tinually  taking  place  which  involve  an  interchange  of  ma¬ 
terials  between  a  cell  and  its  environment.  The  income 
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consists  of  food  materials  in  solution  and  oxygen,  and  the 
outgo  consists  of  waste  materials  in  solution  and  carbon 
dioxide.  All  of  these  substances  are  exchanged  through  the 
cell  wall.  The  movement  of  materials  through  the  cell 
wall  is  believed  to  be  governed  by  the  underlying  cytoplasm. 
It  is  probable  that  the  katabolic  processes  of  the  cell  are 
largely  centered  in  the  cytoplasm,  while  the  anabolic  pro¬ 
cesses  of  repair  and  growth,  together  with  the  control  of 
cell  division,  are  largely  centered  in  the  nucleus.  The 
nucleus  is  generally  regarded  as  the  governing  and  directive 
agent  for  all  the  activities  of  the  cell. 

The  processes  involved  in  metabolism  are  essentially  the 
same  in  both  plant  and  animal  cells.  However,  in  addition 
to  the  fundamental  metabolic  processes  which  are  present 
in  all  cells,  in  cells  containing  chlorophyll  another  important 
process  takes  place,  known  as  photosynthesis,  by  which 
the  green  plants  are  able  to  build  up  their  food  from 
the  simple  inorganic  elements  of  their  environment.  This 
important  process  is  superimposed,  as  it  were,  upon  the 
underlying,  fundamental  metabolic  processes. 

2.  Cell  Division 

One  of  the  most  extraordinary  characteristics  of  proto¬ 
plasm  is  the  ability  to  reproduce  itself,  and  this  process 
always  takes  place  as  a  result  of  cell  division.  Cells  multiply 
by  mitotic  cell  division.  This  is  a  very  complicated  pro¬ 
cess  and  involves  profound  nuclear  changes  which  result  in  the 
correct  qualitative  and  quantitative  division  of  the  chromatin 
material  in  the  nucleus  of  the  cell.  Since  the  chromatin 
material  is  the  vehicle  for  the  transmission  of  hereditary 
characters,  the  necessity  for  an  accurate  division  of  this 
material  is  evident  (W.  pp.  224-228). 

3.  Movement 

The  power  of  movement,  although  almost  always  as¬ 
sociated  with  protoplasm,  is  not  confined  exclusively  to  it. 
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This  fact  can  be  demonstrated  by  adding  to  water  a  small 
amount  of  an  insoluble,  finely  ground  powder.  A  micro¬ 
scopic  examination  of  a  drop  of  the  mixture  reveals  a  con¬ 
tinual  irregular  oscillatory  movement  of  the  insoluble  particles 
in  the  water.  This  noteworthy  phenomenon  is  known  as 
Brownian  movement,  and  it  can  be  explained  upon  a 
purely  physical  basis. 

Although  movement  is  not  confined  exclusively  to  living  or¬ 
ganisms,  it  is  nevertheless  one  of  the  very  striking  features 
of  both  plant  and  animal  protoplasm.  In  many  of  the  uni¬ 
cellular  plants,  or  Protophyta,  such  as  Sphaerella,  a  definite 
locomotor  apparatus  is  present  at  certain  stages  in  the  life 
history.  This  apparatus  consists  of  a  number  of  fine 
filaments,  the  flagella,  which  vibrate  vigorous^,  and 
thereby  the  individual  is  propelled  through  the  water  at  a 
comparatively  rapid  rate  (W.  f.  9). 

In  the  higher  multicellular  plants,  which  are  attached 
and,  therefore,  cannot  move  from  place  to  place,  a  slow 
but  definite  movement  of  certain  parts  may  take  place. 
It  is,  for  example,  a  matter  of  common  observation  and 
knowledge  that  the  leaves  of  house  plants  adjust  themselves 
in  relation  to  the  source  of  light,  and  that  the  flowers  of  certain 
green  plants,  like  the  Sunflower,  keep  slowly  turning  during 
the  day  so  as  to  receive  the  full  benefit  of  the  sun’s  rays. 
Furthermore,  there  are  plants  which  are  able  to  move  various 
parts  with  considerable  rapidity  in  response  to  environ¬ 
mental  stimuli  of  various  kinds.  A  good  example  of  this 
is  to  be  seen  in  the  Sensitive  Plant  ( Mimosa  pudica )  which 
is  a  member  of  the  Pea  family.  If  the  leaves  of  this  re¬ 
markable  plant  are  touched  or  disturbed  in  any  other  way, 
there  is  an  almost  immediate  response  which  results  in  a  droop¬ 
ing  of  the  leaf  stalk  and  a  closing  up  of  the  blade  of  the 
leaf.  Shortly  after  the  disturbance  has  passed  the  leaves 
return  to  their  original  position. 

Again,  a  microscopic  examination  of  the  living  tissues  of 
plants  reveals,  in  many  instances,  a  striking  intracellular 
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protoplasmic  movement ;  that  is  to  say,  a  movement  of  the 
protoplasm  within  each  cell.  This  type  of  movement  is 
often  referred  to  as  a  protoplasmic  streaming.  It  may  be 
seen  to  advantage  in  the  common  fresh-water  plant,  Elodea 
canadensis.  The  young  active  leaves  of  this  plant  can 
be  obtained  from  near  the  tip  of  the  stem  and  mounted  in 
a  drop  of  water  for  microscopic  examination.  The  cells  of 
the  leaf  are,  in  general,  rectangular  in  shape  and  possess  a 
quite  heavy  cell  wall,  within  which  is  a  layer  of  transparent 
cytoplasm.  Embedded  in  the  latter  are  a  number  of  green, 
disc-shaped  chloroplastids,  and  also  the  nucleus.  A  large 
cell  vacuole  filled  with  cell  sap  is  present  and  occupies  the 
center  of  the  cell.  A  close  microscopic  examination  of  the 
chloroplastids  in  a  number  of  the  cells  will  generally  show 
that  they  are  in  motion,  travelling  around  and  around  just 
inside  the  cell  wall.  This  motion  is  due  to  the  streaming  of 
the  cytoplasm  in  which  the  chloroplastids  are  suspended,  that 
is,  they  are  merely  carried  along  in  the  protoplasmic  current. 
Protoplasmic  movement  similar  to  this  may  be  observed  in 
the  cells  of  many  other  plants.  It  is  also  strikingly  shown 
in  certain  animal  cells,  as,  for  example,  in  various  of  the 
Protozoa.  Thus,  in  Paramecium  the  food  particles  are  moved 
in  a  definite  path  in  the  cell  by  a  streaming,  or  cyclosis, 
of  the  cytoplasm  (p.  29). 

In  animals  various  types  of  movements  are  found.  In  the 
unicellular  animals  an  irregular  flowing,  or  amoeboid,  move¬ 
ment  can  be  observed  in  the  Amoeba  and  various  related 
forms.  In  such  animals  a  definite  cell  wall  is  lacking,  and 
the  cytoplasm  is  free  to  flow  in  such  directions  as  the  environ¬ 
ment  will  permit.  Temporary  irregular  projections,  or 
pseudopodia,  are  thus  being  continually  formed  and  with¬ 
drawn.  In  the  large  group  of  flagellated  Protozoa,  one 
or  more  flagella  are  present,  which,  as  in  Sphaerella  and 
other  Protophyta,  aid  in  locomotion.  In  some  of  the  Flagel¬ 
lates,  for  example,  Euglena  (p.  22),  the  cell  wall  is  very  thin, 
and  the  movements  of  the  cytoplasm  result  in  a  peculiar 
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squirming,  or  euglenoid,  type  of  movement,  but  the  ir¬ 
regular  pseudopodia  are  not  formed.  Finally,  a  large  class 
of  the  Protozoa,  the  Infusoria  (p.  26),  are  ciliated.  In  such 
cases  great  numbers  of  extremely  fine  filaments,  the  cilia,  are 
formed  as  projections  from  the  ectoplasm.  These  may  be  of 
uniform  size  and  distribution  over  the  animal,  as  in  Para¬ 
mecium,  or  they  may  be  restricted  to  certain  zones,  as  in 
Vorticclla  (p.  37).  The  cilia  beat  in  a  coordinated  fashion 
and  thus  propel  the  animal  through  the  surrounding  liquid 
medium.  In  some  of  the  Infusoria  larger  filaments,  termed 
cirri,  are  formed  by  a  fusion  of  the  cilia,  and  these  are  used 
in  crawling  along  on  solid  surfaces.  Various  ciliated  cells 
are  also  present  in  the  higher  animal  forms.  In  the  latter 
case  the  cilia  are  confined  to  the  exposed  surface  of  the  cell. 
These  ciliated  cells,  grouped  together,  form  a  ciliated  surface 
which  is  present  as  a  lining  in  many  ducts  where  the  beat 
of  the  cilia  produces  a  current  for  the  movement  of  various 
liquids  (W.  f.  7,  C). 

In  the  higher  animals,  the  power  of  movement  is  largely 
centered  in  the  contractile  muscle  tissue  which  is  differentiated 
for  this  purpose.  Muscle  tissue  is  composed  of  highly 
specialized  cells  which  act  in  unison  when  stimulated,  and 
thus  bring  about  a  movement  of  the  muscle  as  a  whole.  In 
the  final  analysis,  however,  it  is  the  intracellular  cytoplasmic 
movement  in  each  muscle  cell  which  brings  about  the  mass 
movement  of  the  muscle  as  a  whole,  just  as  it  is  in  any  move¬ 
ment  of  protoplasm. 


II.  AMOEBA 


The  forms  of  animal  life  classified  among  the  Protozoa 
constitute  the  most  primitive  group  of  the  Animal  Kingdom 
(W.  p.  414).  Included  among  the  Protozoa  are  some 
10,000  species,  and  one  of  the  most  interesting  of  all  these  is 
the  form  known  as  Amoeba.  The  interest  in  Amoeba  is 
due  chiefly  to  the  fact  that  it  is  one  of  the  simplest  of  organ¬ 
isms.  In  fact  its  structure  is  such  that,  under  the  micro¬ 
scope,  one  can  here  carefully  observe  and  study  a  tiny  bit  of 
that  amazingly  versatile  material  which  composes  the  cells 
of  all  organisms,  namely,  protoplasm,  stripped  of  all  those 
structural  features  which  tend  to  obscure  it  in  the  higher 
forms  of  life.  The  Amoeba,  therefore,  is  well  suited  for  use 
in  beginning  a  study  of  protoplasm  and  its  associated  phe¬ 
nomena. 

A.  Structure  of  an  Amoeba 

Under  the  higher  power  of  the  microscope  a  living  Amoeba 
is  revealed  as  a  tiny  irregular  drop  of  material  which  is  almost 
transparent  (W.  f.  2).  Continued  observation  shows  very 
shortly  that  a  streaming,  or  flowing,  movement  is  continually 
occurring,  and  this  results  in  a  quite  rapid  change  in  the 
shape  of  the  animal  as  well  as  a  slow  movement  of  the  entire 
cell.  In  its  very  simple  form,  the  Amoeba  lacks  one  of  the 
features  which,  as  we  have  seen,  is  characteristic  of  cellular 
structure,  namely,  a  definite  cell  wall.  The  protoplasm, 
however,  is  differentiated  into  the  cytoplasm  and  nucleus 
which  constitute  the  essential  parts  of  cellular  structure. 
Furthermore,  the  cytoplasm  of  an  Amoeba  consists  of  a  thin 
outer  layer  of  ectoplasm  which  serves  as  a  low  type  of 
protective  layer,  and  an  inner  layer  of  endoplasm  which 
constitutes  the  bulk  of  the  animal. 
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The  ectoplasm  shows  a  clear,  homogeneous  structure  and, 
in  an  active  specimen,  may  be  described  as  a  rather  viscous, 
transparent  liquid.  It  slowly  flows  in  various  directions, 
depending  upon  the  environment.  This  flowing  movement 
results  in  the  formation  of  irregular  surface  projections, 
known  as  pseudopodia  (singular  pseudopodium).  It  is  by 
means  of  the  flowing  movement,  with  the  consequent  forma¬ 
tion  of  pseudopodia,  that  the  animal  moves.  A  movement 
of  this  type,  as  noted  above,  is  known  as  amoeboid  movement. 
The  exact  nature  of  amoeboid  movement  is  not  fully  estab¬ 
lished,  even  though  it  has  been  the  subject  of  a  large  amount 
of  research  work  (W.  f.  2,  3). 

The  endoplasm,  in  comparison  with  the  ectoplasm,  is  not 
so  viscid  a  substance  and,  therefore,  it  flows  more  readily. 
The  observations  of  living  Amoebae  show,  however,  that  in 
the  formation  of  pseudopodia  the  flowing  movement  starts 
first  in  the  ectoplasm,  and  later  the  endoplasm  rapidly 
streams  into  the  ectoplasmic  region  where  the  pseudopodium 
is  being  formed.  The  endoplasm  is  not  so  transparent  as 
the  ectoplasm,  and  a  microscopic  study  with  the  proper  type 
of  illumination  gives  evidence  that  it  is  not  a  homogeneous 
material.  It  is  generally  believed  that  the  endoplasm  con¬ 
sists  of  a  basic  ground  substance  in  which  innumerable  minute 
particles  are  suspended.  In  addition  to  these  particles, 
which  apparently  form  a  fundamental  constituent  of  the 
endoplasm,  it  will  be  found  that  there  are  also  many  larger 
particles  of  various  kinds,  shapes,  and  sizes  present.  For 
the  most  part  these  are  transient,  non-living  metaplasmic 
materials  such  as  undigested  particles  of  food,  indigestible 
refuse  which  has  not  been  expelled,  etc.  (W.  f.  2,  5). 

The  endoplasm  contains  a  number  of  other  structures, 
the  most  important  being  the  nucleus,  which  is  an  essential 
part  of  all  cells  (W.  f.  2,  2).  There  is  also  a  single 
contractile  vacuole  which  collects  and  expels  the  liquid, 
and  possibly  gaseous,  wastes  resulting  from  the  breaking 
down  of  living  material,  as  well  as  the  excess  water  taken 
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in  with  food.  Numerous  gastric  vacuoles  are  present 
in  which  the  particles  of  food  that  have  been  taken  into 
the  animal  are  being  digested.  The  gastric  vacuoles  are 
not  permanent  structures ;  the  number  at  any  time  depends 
upon  the  amount  of  food  material  which  is  undergoing 
digestion  (W.  f.  2,  4)- 

When  it  comes  to  the  determination  of  the  exact 
physical  structure  of  protoplasm,  whether  it  be  from  an 
Amoeba  or  from  a  Man,  the  problem  becomes  very  difficult 
—  in  fact,  so  difficult  that  the  solution  is  not  apparent  at 
the  present  time,  even  though  it  has  been,  and  still  is,  the 
subject  of  almost  unlimited  thought  and  investigation  by 
the  ablest  scientists.  The  determination  of  the  exact 
character  of  protoplasmic  structure  is  definitely  limited  by 
the  fact  that  it  cannot  be  subjected  to  intensive  analytical 
methods  without  thereby  destroying  the  primary  object  of 
the  investigation,  namely,  the  quality  we  call  life.  The  dead 
material,  which  was  formerly  protoplasm,  can,  of  course,  be 
subjected  to  all  kinds  of  analysis,  but  such  analyses  do  not 
reveal  the  basic  secrets  of  protoplasmic  structure  (W.  pp.  7- 
10). 


B.  Life  Processes  of  an  Amoeba 
1.  Nutrition 

One  of  the  fundamental  characteristics  of  living  organisms 
is  the  power  to  take  in  certain  materials  from  the  outside 
environment  and  either  use  them  at  once  to  supply  energy 
for  the  life  processes,  or  convert  them  into  the  actual,  living 
protoplasm  of  the  body.  The  nutrition  of  an  animal  is 
designated  as  holozoic,  and  involves  destructive  chemical 
processes  in  which  various  types  of  complex  foodstuffs  are 
broken  down,  and  the  resulting  materials  utilized  in  various 
ways.  This  type  of  nutrition  is  essentially  different  from 
the  nutrition  of  a  green  plant,  which  is  designated  as  holo- 
phytic.  In  the  latter  case  simple  inorganic  substances  are 
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taken  from  the  environment  and  combined  to  form  complex 
foodstuffs  which  plant  or  animal  tissues  can  assimilate. 
In  the  Amoeba,  of  course,  the  holozoic  type  of  nutrition 
obtains,  and  this  animal  has  the  power  to  carry  on  this 
process  in  essentially  the  same  way  as  do  the  highest  types 
of  animal  organisms,  the  difference  being  that  the  single- 
celled  animal,  lacking  the  highly  developed  nutritive  systems 
of  the  higher  forms,  does  the  work  with  much  simpler  ap¬ 
paratus  (W.  pp.  34-37,  41 — 42) . 

The  holozoic  nutrition  of  animals  involves  several  stages, 
namely,  the  capture  and  ingestion  of  food,  its  digestion  and 
assimilation,  and,  finally,  the  egestion  of  the  indigestible 
refuse.  These  various  steps  in  the  nutrition  of  Amoeba 
may  next  be  considered. 

In  the  environment  of  the  Amoeba  there  are  organic  ma¬ 
terials  of  various  kinds  which  the  animal  is  able  to  utilize 
as  food.  Among  these  may  be  noted  unicellular  plants, 
such  as  the  Bacteria  and  Diatoms,  filamentous  Algae,  other 
forms  of  Protozoa,  and  organic  debris  of  many  kinds.  The 
Amoeba  has  only  one  method  for  securing  all  types  of  food 
material.  This  consists  of  flowing  around  the  food  particle 
by  means  of  the  pseudo  podia.  When  contact  has  occurred 
with  a  food  particle,  the  process  of  ingestion  begins  at  once: 
All  regions  of  the  ectoplasm  of  the  Amoeba  can  carry  out  this 
combined  process  of  capture  and  ingestion.  Apparently  it  is 
the  chance  contact  which  determines  the  particular  part  of  the 
ectoplasm  which  is  to  act  as  the  temporary  organ  for  captur¬ 
ing  a  particular  food  particle  and  also  as  the  temporary  mouth 
for  engulfing  it. 

An  Amoeba,  of  course,  comes  into  contact  with  many 
particles  of  inorganic  material,  such  as  grains  of  sand,  which 
cannot  be  utilized  as  food.  It  can  generally  be  shown  in 
such  cases  that  the  ectoplasm  of  the  Amoeba  differentiates 
between  the  materials  which  are  suitable  for  food  and  other 
materials  which  cannot  be  so  used.  Thus,  when  an  Amoeba 
comes  into  contact  with  a  grain  of  sand,  instead  of  engulfing 


AMOEBA 


13 


it,  the  flowing  movement  and  pseudopod  formation  in  that 
direction  ceases,  and  a  movement  is  initiated  in  another 
direction,  which  avoids  the  undesirable  material. 

A  food  particle  having  been  ingested  by  the  ectoplasm  then 
passes  into  the  endoplasm,  becomes  surrounded  by  a  small 
amount  of  fluid  taken  in  with  it,  and  constitutes  a  gastric 
vacuole  in  which  digestion  takes  place.  The  portion  of 
endoplasm  which  surrounds  the  food  material  apparently 
becomes  temporarily  specialized  for  the  work  of  digestion 
and  is  able  to  secrete  certain  chemical  substances,  known 
as  enzymes,  which  are  believed  to  be  of  the  same  nature  as 
those  secreted  in  higher  forms  of  animals  by  the  glands  in 
the  walls  of  the  alimentary  tract.  It  is  these  enzymes  which 
digest  the  food.  Digestion,  in  all  forms  of  animals,  may  be 
defined  as  a  process  whereby  complex  food  materials  are 
rendered  soluble  and  capable  of  being  assimilated  by  the 
cell  or  cells,  and  thus  built  up  into  the  protoplasm.  This 
is  just  what  happens  to  the  food  in  the  gastric  vacuoles  of 
an  Amoeba. 

The  process  of  assimilation  of  the  digested  material  in 
Amoeba  and  in  other  unicellular  forms  is  a  comparatively 
simple  one,  for  the  food  as  it  is  digested  in  the  gastric  vacuole 
passes  directly  into  the  surrounding  endoplasm  and  is  at 
once  emploj'-ed  by,  or  built  up  into,  the  living  matter.  In 
practically  all  kinds  of  food  a  certain  amount  of  indigestible 
material  is  taken  into  the  body,  and  this  must  be  eliminated. 
Such  material  has  never  been  a  part  of  the  organism;  it  is 
only  a  temporary  inclusion.  The  process  of  elimination  of 
such  material  is  known  as  egestion  and  is  to  be  distinguished 
from  the  process  of  excretion.  The  latter  is  concerned 
with  getting  rid  of  waste  materials  that  have  actually  played 
a  part  in  the  life  of  the  organism.  In  the  Amoeba  there  is 
no  specialized  structure  for  ridding  the  body  of  the  refuse 
from  digestion,  and  it  can  be  eliminated  through  the  ecto¬ 
plasm  in  the  area  which  happens  to  be  nearest  to  the  gastric 
vacuole  at  the  time  digestion  is  completed. 
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2.  Respiration 

Respiratory  activities  —  involving  the  intake  of  oxygen 
which  is  necessary  for  the  metabolic  processes,  and  the  outgo 
of  carbon  dioxide  which  has  been  formed  as  a  result  of  the 
destructive  metabolic  processes  —  are  present  in  all  organ¬ 
isms.  It  can  be  regarded  as  a  double  process;  on  the  one 
hand,  the  supplying  of  oxygen,  which  is  a  phase  of  nutrition, 
and  on  the  other  hand,  the  elimination  of  carbon  dioxide, 
which  is  a  phase  of  excretion.  In  the  Amoeba,  the  entire 
surface  of  the  animal  serves  as  a  medium  through  which  this 
essential  interchange  of  gases  takes  place  (W.  pp.  37,  43). 

3.  Excretion 

The  process  of  nutrition  in  Amoeba,  considered  above, 
results  in  the  continual  supplying  to  the  animal  of  food 
material  which  is  utilized  either  as  a  source  of  immediate 
energy,  for  repairing  the  continual  processes  of  waste,  or  for 
the  growth  of  the  animal  by  intussusception.  As  long  as 
there  is  life,  the  protoplasm  is  continually  being  torn  down, 
and,  if  life  is  to  exist,  it  must  be  replaced  just  as  continually 
by  the  assimilation  of  food  material.  The  main  products, 
resulting  from  the  destruction  of  protoplasm,  consist  of  car¬ 
bon  dioxide,  noted  above,  water,  and  urea;  the  latter  con¬ 
taining  nitrogenous  materials. 

The  nitrogenous  wastes  of  Amoeba  are  excreted  through 
the  surface  ectoplasm  to  some  extent  and  also  by  means  of  a 
specialized  structure,  the  contractile  vacuole,  into  which  the 
wastes  from  the  cytoplasm  continually  drain.  As  a  result 
the  vacuole  enlarges.  When  a  certain  size  is  reached,  the 
surrounding  endoplasm  contracts,  and  the  wastes  are  forced 
out  of  the  animal  into  the  surrounding  liquid  environment 
through  whatever  portion  of  the  ectoplasm  happens  to  be 
nearest  to  the  contractile  vacuole  at  the  time.  By  this 
contraction  of  the  surrounding  endoplasm,  the  cavity  of  the 


AMOEBA 


15 


contractile  vacuole  is  temporarily  eliminated,  but  in  a  few 
moments  the  waste  materials  will  again  be  present  in  a 
sufficient  quantity  to  bring  about  a  reappearance  of  the 
vacuole.  A  little  later,  the  contractile  vacuole  having 
again  attained  the  maximum  size,  a  contraction  of  the  endo¬ 
plasm  takes  place  with  a  consequent  expulsion  of  the  liquid 
contents  as  before  described.  It  is  probable  that  the  con¬ 
tractile  vacuole  also  plays  a  part  as  a  respiratory  organ. 

4.  Reproduction 

When  the  food  supply  of  an  Amoeba  is  plentiful,  so  that 
the  animal  can  ingest,  digest,  and  assimilate  food  material 
in  such  an  amount  that  the  katabolic  wastes  are  more  than 
met,  growth  results.  If  this  process  of  growth  were  able  to 
continue  indefinitely,  Amoebae  of  enormous  size  would 
soon  develop.  For  some  reason,  however,  Amoebae  and 
other  animals  are  limited,  although  there  is  some  variation, 
to  a  certain  maximum  size  which  is  characteristic  of  the 
particular  species.  When  this  limit  is  reached  in  an  Amoeba, 
the  unicellular  animal  divides  by  mitosis  into  two  separate 
individuals  each  of  which  when  first  formed  is  one-half  the 
size  of  the  parent.  The  two  animals  begin  at  once  to  as¬ 
similate  food  material  in  sufficient  quantities  to  cause 
growth,  and  in  a  few  hours  each  has  attained  the  normal 
size.  Reproduction  by  division  may  again  take  place,  so 
that  within  the  space  of  a  few  hours  four  independent 
Amoebae  will  thus  have  arisen  from  the  original  parent 
animal.  * 

If  the  environmental  conditions  continue  to  be  favorable, 
there  will  be  in  the  course  of  a  few  days  thousands  of  Amoebae. 
The  process  could  apparently  continue,  if  the  food  supply 
held  out  and  there  were  no  other  inhibiting  environmental 
influences,  until  the  universe  was  filled  with  a  mass  of  amoebic 
protoplasm.  It  is  a  question,  however,  whether  any  pro¬ 
tozoan  cell  can  continue  to  divide  indefinitely  without  the 
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occurrence  at  certain  intervals  of  some  type  of  a  reorgani¬ 
zation  of  the  nuclear  material.  Although  our  knowledge  of 
the  life  history  of  Amoeba  has  not  as  }^et  been  fully  established, 
evidence  is  at  hand  which  indicates  that  the  periods  of  simple 
cell  division  are  dependent  upon  an  internal  reorganization 
process  of  some  type.  This  question  is  considered  in  greater 
detail  in  the  study  of  the  protozoan  form,  Paramecium. 

5.  Adaptation 

An  Amoeba  has  the  power  of  adapting  itself  to  its  environ¬ 
ment  in  response  to  various  kinds  of  stimuli  which  it  receives. 
The  protoplasm  of  which  it  is  composed  may  be  aroused  or 
irritated  by  a  number  of  external  factors  such  as  light,  tem¬ 
perature,  electricity,  chemical  stimuli,  and  contact.  Any 
part  of  the  ectoplasm  of  Amoeba  is  able  to  receive  these 
stimuli  and  to  respond  to  them;  it  is  all  irritable  material. 
This  is  different  from  what  is  found  in  higher  forms  of  animals 
where  a  specialized  nerve  tissue  is  present,  which  is  connected 
with  various  types  of  sense  organs  adapted  for  receiving 
different  kinds  of  stimuli. 

The  capture  of  food  and  the  rejection  of  unsuitable  ma¬ 
terials  by  an  Amoeba,  which  have  been  noted  above,  may 
be  taken  as  examples  of  the  ability^  of  the  ectoplasm  of 
this  animal  to  receive  and  be  influenced  by  external  stimuli. 
It  is  probable  that  food  is  secured  in  two  ways :  first,  b}''  the 
stimulus  received  through  a  chance  contact  with  a  food 
particle  and,  second,  as  a  result  of  a  chemical  stimulus. 
There  is  some  evidence  to  show  that  the  Amoeba  and  other 
species  of  Protozoa  have  the  ability  to  ‘sense’  food  at  a 
distance  and  then  move  more  or  less  directly  toward  it. 


III.  PLEUROCOCCUS  1 


In  the  Plant  Kingdom,  just  as  in  the  Animal  Kingdom, 
there  is  a  group  of  primitive  unicellular  forms.  The  unicel¬ 
lular  plants  are  frequently  referred  to  as  the  Protophyta. 
Included  in  this  group  are  such  forms  as  Pleurococcus  and 
Sphaerella,  which  have  the  typical  nutrition  of  green  plants, 
and  also  colorless  types  like  the  Bacteria  and  Yeast,  which, 
lacking  chlorophyll,  have  to  depend  for  their  nutrition  upon 
more  complex  food  materials. 

Pleurococcus  is  widely  distributed  and  easily  secured.  It 
forms  a  greenish  covering  on  the  bark  of  trees,  on  flower  pots, 
and  on  many  other  suitable  surfaces  where  a  rather  moist 
habitat  is  provided.  The  greenish  covering,  when  examined 
microscopically,  is  found  to  consist  of  an  enormous  number 
of  tiny  cells,  each  of  which  is  able  to  carry  on  an  independent 
existence.  Our  present  interest  in  Pleurococcus,  just  as  in 
the  previous  study  of  Amoeba,  lies  in  its  extreme  simplicity 
of  structure.  Here  in  this  minute  cell  —  although  it  lacks 
all  the  specialized  organs  of  higher  plants,  such  as  roots,  stem, 
and  leaves  —  are  concentrated  all  the  characteristic  and 
essential  life  processes  of  the  green  plants,  however  high  in 
development  they  may  be :  metabolism,  with  the  superim¬ 
posed  and  absolutely  fundamental  process  of  synthetic 
food  formation,  respiration,  growth,  reproduction  —  all  are 
present. 

A.  Structure  of  Pleurococcus 

The  single  cells  of  Pleurococcus  are  revealed  under  the 
microscope  as  tiny,  green,  more  or  less  spherical  bodies. 

1  Woodruff,  pp.  30-38. 
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Each  cell  possesses  a  comparatively  heav}q  rigid  cell  wall, 
composed  of  cellulose.  The  enclosed  protoplast  is  dif¬ 
ferentiated  into  cytoplasm,  nucleus,  and  chloroplastid.  The 
nucleus  is  spherical  with  a  well-defined  nuclear  membrane 
and,  as  a  rule,  is  centrally  located.  The  chloroplastid  is 
large  and  varies  in  shape.  These  few  parts,  giving  every 
appearance  of  structural  simplicity,  are  all  that  can  be  seen 
in  this  cell  which  constitutes  the  entire  body  of  this  uni¬ 
cellular  green  plant,  and  yet  in  it  lies  not  only  the  pro¬ 
found  mystery  of  the  organization  of  protoplasm  in  general, 
but  in  addition  the  unique  power,  possessed  only  by  green 
plants,  to  manufacture  foodstuffs  from  the  simple  in¬ 
organic  materials. 

B.  Life  Processes  of  Pleurococcus 
1 .  Nutrition 

The  nutrition  of  Pleurococcus,  based  as  it  is  on  the  presence 
in  the  chloroplastids  of  the  green-colored  pigment,  chloro¬ 
phyll,  may  be  taken  as  a  typical  example  of  the  constructive 
holophytic  tj^pe  of  nutrition  of  green  plants. 

In  the  surrounding  environment  of  a  Pleurococcus  cell 
are  all  the  simple  inorganic  substances  necessary  for  the 
synthesis  of  those  foodstuffs  which  are  essential  for  the 
nourishment  of  protoplasm.  As  there  are  no  openings 
through  the  cell  wall  these  inorganic  materials  cannot  be 
ingested  as  in  an  Amoeba,  and  thus  all  interchange  of  sub¬ 
stances  between  Pleurococcus  and  its  environment  must 
take  place  by  passing  directly  through  the  cell  wall. 
This  process  is  believed  to  follow  the  laws  of  diffusion,  and 
to  be  governed  in  general  by  the  layer  of  cytoplasm  lining 
the  cell  wall.  The  substances  taken  in  for  use  in  photo- 
sjmthesis  consist  of  carbon  dioxide  and  water ;  the  latter 
carrying  in  solution  the  various  inorganic  salts,  particularly 
nitrates,  which  are  necessary  for  the  formation  of  the  more 
complex  foodstuffs. 
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In  the  cell  cytoplasm  it  is  believed  that  the  first  step  is 
the  uniting  of  the  carbon  dioxide  and  water  to  form  a 
sugar.  This  process  involves  the  action  of  the  chlorophyll 
together  with  the  energy  received  from  the  sun.  The  sugar 
formed  by  the  synthesis  of  the  carbon  dioxide  and  water 
having  taken  place,  the  product  may  be  utilized  at  once  by 
the  plant  protoplasm  (1)  to  secure  energy,  or  (2)  it  may  be 
changed  to  a  starch  and  stored  for  later  use,  or  (3)  the  pro¬ 
portion  of  oxygen  present  in  either  the  sugar  or  starch  may 
be  decreased,  and  thereby  the  food  changed  from  a  carbo¬ 
hydrate  into  a  fat,  or  hydrocarbon,  or  finally,  (4)  the 
carbohydrate  may  be  built  up  into  the  more  complex  food 
materials,  proteins,  by  the  addition  of  nitrates  and  other 
inorganic  materials  present,  in  solution,  in  the  water  taken 
into  the  Pleurococcus  cells.  There  is  a  question  as  to 
whether  the  protein  formation  occurs  as  a  part  of  the  photo¬ 
synthetic  action  or  whether  it  is  a  later  process  brought  about 
in  some  other  way  (W.  pp.  35-38). 

2.  Respiration 

The  process  of  respiration  which  is  continually  occurring 
in  all  living  organisms  is  obscured  in  green  plants  in  sun¬ 
light  by  the  reverse  process  of  photosynthesis,  in  which 
oxygen  is  liberated  and  carbon  dioxide  taken  in.  Thus  a 
green  plant  in  which  photosynthesis  is  occurring  not  only 
uses  all  of  the  carbon  dioxide  resulting  from  its  own  katabolic 
activities,  but  it  also  takes  in  an  extra  supply  from  the 
environment.  At  the  same  time  it  gives  off  the  excess  oxy¬ 
gen.  At  night  when  there  is  no  sunlight,  and  photosynthesis 
lias  to  cease,  the  process  of  respiration,  which  has  been  going 
on  all  the  time  and  will  continue  to  go  on  as  long  as  the  plant 
lives,  becomes  evident,  and  then  the  green  plant,  just  like 
a:n  animal,  actually  gives  off  carbon  dioxide  and  takes  in 
ovygen. 
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3.  Reproduction 

So  far  as  is  known  reproduction  in  Pleurococcus  is  entirely 
an  asexual  process,  in  which  the  cells,  when  they  have  attained 
a  certain  size,  divide  to  form  two  equal-sized  daughter-cells. 
In  many  cases  the  cells  thus  formed  remain  temporarily 
attached.  Thus  a  group  of  several  attached  cells  is  formed. 
This  condition  is  believed  to  foreshadow  the  permanent 
multicellular  condition  in  higher  plants.  However,  in 
Pleurococcus,  after  a  time  the  attachment  material  be¬ 
tween  two  cells  is  dissolved,  probably  by  enzyme  action, 
and  the  cells  separate  entirely. 
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IV.  EUGLENA 


Euglena  is  a  common  example  of  a  group  of  unicellular 
whip-bearing,  or  flagellated,  organisms,  known  as  the  Masti- 
gophora,  or,  more  commonly,  as  the  Flagellates  (W.  fs.  16-18, 
182).  A  number  of  species  here  classified,  including  Euglena, 
possess  chlorophyll  —  that  remarkable  food-synthesizing 
agent  which,  as  has  been  noted,  is  characteristic  of  green 
plants.  This  fact  is  given  great  weight  by  many  authorities, 
and  they  regard  such  forms  as  plants,  placing  them  in  close 
relationship  with  the  unicellular  Algae,  such  as  Sphaerella. 
Other  authorities,  notwithstanding  the  plant-like  nutrition, 
regard  Euglena  and  related  forms  as  animals  because  their 
general  structure  is  very  similar  to  undeniable  unicellular 
animals.  In  other  words,  they  regard  Euglena  as  an  animal 
which  in  some  way  has  acquired  a  plant-like  type  of  nutri¬ 
tion.  For  the  present,  Euglena  may  be  considered  as  a 
border-line,  or  transitional,  form,  showing  a  close  relation¬ 
ship  to  the  Protozoa  in  its  structure  and  in  various  other  ways, 
and  to  the  green  plants  in  its  nutrition. 

Thus  it  is  evident  that  in  certain  of  the  lowTer  forms  of 
life,  the  characteristics,  which  seem  unmistakably  to  dif¬ 
ferentiate  higher  plants  and  animals,  disappear,  so  that  it 
becomes  impossible,  when  considering  the  numerous  examples 
of  these  border-line  forms,  to  say  definitely  that  they  are 
either  plant  or  animal.  They  partake  of  the  characters  of 
both. 


A.  Structure  of  Euglena 

Euglena,  although  microscopic,  is  generally  larger  in  size 
than  an  Amoeba,  and  it  also  shows  a  somewhat  higher  type 
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of  organization  than  does  the  latter.  The  outer  surface 
of  the  body  is  covered  by  a  delicate,  striated  cell  wall  which 
is  formed  as  a  secretion  by  the  underlying  ectoplasm.  An 
active  Euglena  exhibits  peculiar  squirming,  or  euglenoid, 
movements,  during  which  the  shape  of  the  cell  varies  greatly, 
ranging  from  nearly  spherical  to  a  typical  cigar-shape. 
These  changes  in  shape  may  possibly  be  due  to  the  fact 
that  the  cell  wall  or  pellicle  is  very  thin  and,  therefore,  does 
not  possess  sufficient  rigidity  to  hold  the  rather  fluid  ecto¬ 
plasm  in  a  constant  shape.  The  cell  wall,  however,  is  suf¬ 
ficient  to  maintain  a  regular  body  outline  so  that  the 
formation  of  irregular  projecting  pseudopodia  does  not 
occur,  as  it  does  in  an  Amoeba  (W.  f.  16,  C). 

Projecting  from  the  somewhat  blunt  anterior  end  of 
Euglena  is  a  delicate,  vibratile  filament,  or  flagellum. 
It  arises  from  a  number  of  very  fine  fibrils,  present  in  the 
ectoplasm  near  the  anterior  end  of  the  body,  which  are 
twisted  together  to  form  the  flagellum.  The  flagellum  is 
attached  in  a  depression  in  the  ectoplasm,  known  as  the 
gullet.  In  many  of  the  Protozoa  the  gullet  extends  down 
into  the  endoplasm  and  serves  as  a  passage  for  food  particles. 
In  Euglena,  however,  the  gullet  apparently  has  nothing 
to  do  with  the  process  of  obtaining  food.  In  an  active  in¬ 
dividual  the  flagellum  is  generally  continually  vibrating 
with  such  great  rapidity  that  it  is  difficult  to  see.  It  serves 
as  an  organ  of  locomotion  and,  as  a  result  of  its  spiral 
movement,  the  organism  is  drawn  with  considerable  speed 
through  the  water. 

The  endoplasm  of  Euglena,  which  makes  up  the  greater 
part  of  the  animal,  contains  a  number  of  interesting  struc¬ 
tures.  At  the  anterior  end,  just  back  of  the  so-called  gullet, 
is  the  contractile  vacuole.  This  structure  does  not  have  the 
simplicity  that  characterized  the  single  contractile  vacuole 
of  Amoeba.  It  consists  in  Euglena  of  a  large  central  reservoir 
which  is  believed  to  empty  into  the  gullet.  Around  the  edge 
of  it  are  a  number  of  tiny  contractile  vacuoles  which  dis- 


EUGLENA 


23 


charge  the  liquid  wastes  into  the  central  reservoir  (W.  f. 
16,  C,  cv,  R). 

Situated  close  to  the  reservoir  of  the  contractile  vacuoles 
is  a  spherical  body  of  great  interest,  known  as  the  eye  spot, 
or  stigma,  which  consists  of  a  tiny  bit  of  cytoplasm  con¬ 
taining  reddish-colored  pigment  (haematochrome).  It  is 
known  that  this  region  in  Euglena  is  sensitive  to  light  rays, 
and  thereby  enables  the  animal  to  find  the  place  in  its 
environment  which  is  best  adapted  for  its  photosynthetic 
nutritive  processes.  It  is  believed  that  this  reaction  to  light 
in  Euglena  is  centered  in  the  pigmented  stigma  —  in  other 
words,  that  it  is  a  primitive  type  of  light-receiving  apparatus 
(W.  f.  16,  C,  S). 

The  chlorophyll  in  Euglena  is  contained  in  a  number  of 
disc-shaped  chloroplastids  which  are  scattered  through  the 
endoplasm.  Pyrenoids,  which  serve  as  storehouses  for 
the  manufactured  food,  can  also  be  demonstrated  in  some 
individuals  (W.  f.  16,  C,  Ch). 

The  large  nucleus  of  Euglena  lies  embedded  in  the  en¬ 
doplasm  posterior  to  the  center  of  the  animal  (W.  f.  16  C, 

N ). 


B.  Life  Processes  of  Euglena 
1.  Nutrition 

Euglena  not  only  has  holophytic  nutrition  in  which  complex 
foodstuffs  are  manufactured  synthetically,  as  in  the  green 
plants,  but  it  has  also  been  shown  that  Euglena,  when  placed 
in  an  environment  containing  organic  materials  in  solution, 
can  nourish  itself  and  thrive  in  the  absence  of  sunlight.  It 
is  apparent  in  the  latter  condition  that  Euglena  is  able  to 
make  use  of  another  tj^pe  of  nutrition,  known  as  saprophytic 
or  saprozoic,  —  the  exact  term  depending  upon  whether 
the  organism  is  regarded  as  a  plant  or  an  animal, — in  which 
complex  food  materials  in  solution  are  taken  through  the  cell 
wall  by  diffusion. 
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There  does  not  appear  to  be  any  evidence  that  Euglena 
ever  receives  any  nutriment  by  the  holozoic  method  of  nutri¬ 
tion,  such  as  was  studied  in  Amoeba,  in  which  solid  particles 
of  food  are  ingested  and  then  acted  upon  by  secreted  digestive 
elements  in  order  to  render  them  soluble  and  capable  of  being 
assimilated. 

The  elimination  of  the  protoplasmic  wastes  of  Euglena 
occurs,  as  in  Amoeba,  by  the  interchange  of  gases  through 
the  cell  wall,  and  the  elimination  of  liquid  wastes  by  means 
of  the  contractile  vacuole. 

2.  Reproduction 

Under  favorable  environmental  conditions,  when  a  Euglena 
has  reached  a  certain  volume,  reproduction  by  simple  binary 
fission  occurs,  as  in  Amoeba,  and  two  daughter-cells  result. 
The  cell  body  of  Euglena,  and  other  related  forms,  always 
divides  longitudinally,  beginning  at  the  anterior  end.  Very 
shortly  after  the  division,  if  the  conditions  are  favorable,  the 
daughter-cells  attain  the  normal  structural  organization  and 
also  the  size  of  a  typical  Euglena. 

When  the  environmental  conditions  of  Euglena  are  un¬ 
favorable,  due  to  a  lack  of  moisture  or  other  factors,  it  has 
the  power  of  encysting,  a  process  which  is  quite  common 
among  many  species  of  the  Protozoa  and  Protophyta.  An 
animal  just  previous  to  encystment  becomes  quiescent  and 
soon  assumes  a  spherical  shape.  The  ectoplasm  then  secretes 
a  resistant  cyst  wall  which  entirely  encloses  it.  In  this  con¬ 
dition  the  organism  is  dormant  and  is  able  to  withstand 
unfavorable  environmental  conditions.  When  the  latter 
are  again  favorable  the  cyst  wall  is  dissolved,  and  the  Euglena 
once  more  assumes  an  active  life.  In  many  cases  cyst 
formation  is  followed  by  reproduction,  for  during  encystment 
one  or  more  divisions  of  the  cell  bod}^  may  occur,  so  that  when 
the  cyst  wall  is  later  dissolved,  two  or  more  individuals  escape 
and  begin  an  active,  free-swimming  existence. 
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3.  Adaptation 

The  stigma  in  Euglena,  as  has  been  stated  above,  is  believed 
to  be  sensitive  to  light  rays.  Thus  the  organism  is  able  to 
attain  the  particular  location  in  any  given  environment  which 
is  best  adapted  for  carrying  on  the  photosynthetic  processes. 
In  a  culture  of  Euglena  it  will  be  found,  for  example,  that  the 
individuals,  in  general,  move  toward  the  source  of  light. 
However,  direct  sunlight  does  not  represent  the  best  con¬ 
dition,  and  may  even  be  fatal.  If,  therefore,  one  side  of  the 
culture  is  dark  and  the  other  side  is  in  the  direct  sunlight,  it 
will  be  found  that  the  organisms  tend  to  congregate  in  an 
intermediate  zone  between  the  two  extremes.  This  par¬ 
ticular  region  is  the  one  with  optimum  conditions  for  photo¬ 
synthesis.  A  response  to  light  by  an  organism  is  spoken 
of  as  phototropism,  and  Euglena,  since  it  moves  toward 
the  light,  is  said  to  be  positively  phototropic. 


V.  PARAMECIUM1 


Paramecium  is  a  widely  distributed  representative  of  a 
group  of  ciliated  Protozoa,  known  as  the  Infusoria.  Various 
species  of  Paramecium  are  commonly  found  in  fresh-water 
cultures,  such  as  hay  infusions,  in  almost  all  regions  of  the 
world.  As  has  been  previously  noted  (p.  8),  the  coordi¬ 
nated  movements  of  the  cilia  in  this  animal  furnish  a  very 
efficient  method  of  locomotion.  Infusoria  are  typically 
free-swimming  types  with  a  much  greater  specialization  of 
the  different  parts  of  the  cell  than  is  present  in  Amoeba  and 
Euglena.  Thus  within  the  limits  of  a  single  microscopic 
cell,  which  constitutes  the  entire  body,  structures  are  pro¬ 
vided  for  carrying  on  numerous  vital  activities  such  as 
nutrition,  excretion,  reproduction,  locomotion,  and  defence. 
Paramecium,  therefore,  provides  a  splendid  example  of  the 
high  specialization  which  may  be  attained  in  a  unicellular 
animal. 

A.  Structure  of  Paramecium 

When  a  drop  of  water  containing  Paramecia  is  examined 
with  the  naked  eye,  it  will  be  found,  with  careful  observation, 
that  the  animals  can  just  barely  be  seen  as  tiny,  rapidly 
moving  bodies.  A  microscopic  study  shows  that  Para¬ 
mecium,  when  viewed  as  a  flat  surface,  has  somewhat  the 
shape  of  a  shoe  sole,  and  on  this  account  it  is  often  referred 
to  as  the  “slipper  animalcule’’  (W.  f.  10).  When  a  trans¬ 
verse  section  through  the  animal  is  studied,  it  is  found  to  be 
nearly  circular  in  outline.  In  swimming  it  will  be  noted, 
contrary  to  what  might  be  expected,  that  the  animal  normally 
moves  with  the  more  blunt  end  pointed  forward.  This  end 

1  Woodruff,  pp.  39-43,  242-248. 
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is  regarded  as  the  anterior  end  of  the  body,  and  the  opposite, 
more  pointed  extremity  as  the  posterior  end  (W.  f.  10). 

Beginning  at  the  blunt  anterior  end,  and  continuing 
posteriorly  to  a  point  slightly  back  of  the  middle  of  the  body, 
is  a  depression,  known  as  the  peristome,  which  gives  the 
animal  an  asymmetrical  appearance  (W.  f.  10,  j ).  It  be¬ 
comes  deeper  as  it  passes  posteriorly,  and  finally  ends  in  a 
definite  tube,  the  gullet,  which  lies  quite  deep  in  the 
cytoplasm  (W.  f.  10,  d ).  The  surface  of  the  animal,  includ¬ 
ing  the  peristome,  is  uniformly  covered  with  fine,  hair-like 
filaments,  the  cilia,  which  continually  beat  in  the  water  in  a 
coordinated  manner  and  thus  enable  the  animal  to  swim  in 
a  rapid,  vigorous  fashion.  Some  of  them  also  aid  in  the 
capture  of  food,  by  driving  a  current  of  water  along  the 
peristome  (W.  f.  10,  l,  j). 

The  transparent  ectoplasm  of  Paramecium  is  much  more 
rigid  than  the  ectoplasm  of  either  Amoeba  or  Euglena,  so 
that  normally  the  animal  maintains  a  definite  shape.  How¬ 
ever,  when  an  individual  is  pressed  against  pieces  of  debris 
or  under  the  influence  of  various  other  environmental  con¬ 
ditions,  a  considerable  variation  in  shape  takes  place.  En¬ 
closing  the  ectoplasm  of  Paramecium  is  a  thin,  secreted  cell 
wall,  the  pellicle,  which  shows  very  fine  regular  markings, 
or  striations,  on  the  surface.  Innumerable  fine  strands  of 
ectoplasm  project  through  the  pellicle.  These  constitute 
the  cilia  which  form  a  uniform  covering  over  the  surface 
of  the  animal. 

Embedded  in  the  ectoplasm  is  a  single  layer  of  highly 
differentiated,  flask-shaped  bodies,  known  as  the  tricho- 
cysts.  They  lie  with  their  long  axes  perpendicular  to  the 
surface  of  the  ectoplasm.  The  base  of  the  structure  is  to¬ 
ward  the  interior  of  the  animal,  and  the  other  end  opens 
through  the  ectoplasm  to  the  exterior  (W.  f.  10,  k ).  These 
trichocysts  are  filled  with  a  fluid  which  hardens  and  becomes 
thread-like  when  it  is  expelled  into  the  water.  The  discharge 
of  the  trichocysts  can  be  brought  about  experimentally  by 


28 


MANUAL  OF  BIOLOGICAL  FORMS 


adding  a  little  dilute  acid  to  the  culture  medium  and  thus 
irritating  the  Paramecia.  In  some  species  of  Protozoa  it 
has  been  found  that  the  trichocysts  have  a  parafyzing 
effect  upon  other  living  organisms,  and  they  are  therefore 
regarded  as  weapons  useful  either  in  the  capture  of  other 
animals  for  food  or  in  the  repelling  of  attacks  by  enemies. 
In  Paramecium,  however,  the  function  of  these  bodies  is  not 
definitely  known. 

The  endoplasm  of  Paramecium  is,  as  has  been  found  to  be 
the  case  in  other  forms,  somewhat  less  viscous  than  the 
ectoplasm  (W.  f.  10,  h).  It  also  contains  many  granules  of 
various  sizes,  some  of  which  are  constituent  parts  of  the 
cytoplasm,  while  others  are  merely  temporary  metaplasmic 
particles.  The  endoplasm  also  contains  numerous  gastric 
vacuoles  (W.  f.  10,  e,  g)  and  a  characteristic  nuclear  ap¬ 
paratus  composed  of  a  large  macronucleus  and  a  small 
micronucleus,1  the  latter  lying  on  or  near  the  macronucleus 
(W.  f.  10,  b,  i).  Lying  between  the  ectoplasm  and  endo¬ 
plasm  are  two  contractile  vacuoles,  one  near  each  end 
of  the  animal  (W.  f.  10,  a,  /).  Each  contractile  vacuole 
consists  of  a  large  central  spherical  vacuole  and  a  number 
of  radiating  canals  which  open  into  it ;  the  whole  forming  a 
star-shaped  structure  (W.  f.  10,  a). 

B.  Life  Processes  of  Paramecium 
1.  Nutrition 

Paramecium  exhibits  a  typical  holozoic  type  of  nutrition. 
The  food  consists  for  the  most  part  of  various  kinds  of  Bac¬ 
teria  together  with  a  number  of  tiny  species  of  Flagellates, 
all  of  which  are  obtained  from  the  surrounding  fluid  medium. 
The  cilia  lining  the  peristome  play  an  important  role  in 
capturing  the  food.  The  coordinated  beat  of  these  cilia  is 
so  directed  as  to  cause  a  continuous  current  of  water,  con¬ 
taining  the  food-materials,  to  sweep  down  to  the  posterior  end 
1  Woodruff,  p.  40,  footnote. 
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of  the  peristome.  Here  the  particles  pass  through  the  ‘mouth’ 
opening  into  the  tubular  gullet.  The  particles  of  food  col¬ 
lect  at  the  posterior  end  of  the  gullet  and  form  a  gastric 
vacuole  in  the  endoplasm  which,  when  it  has  attained  a 
certain  size  as  a  result  of  the  continued  increase  in  the 
number  of  captured  food  particles,  is  detached  from  the 
end  of  the  gullet.  This  apparently  takes  place  as  the  result 
of  a  contraction  of  the  surrounding  endoplasm.  As  soon  as 
one  gastric  vacuole  is  detached  from  the  end  of  the  gullet 
another  one  at  once  begins  to  form  in  the  same  place. 

The  fully  formed  and  detached  gastric  vacuole,  as  a  result 
of  a  continual  streaming  movement,  termed  cyclosis,  of 
the  endoplasm,  is  moved  in  a  definite  path  through  the  body. 
It  is  first  carried  backward  with  the  endoplasmic  current 
and  almost  reaches  the  posterior  end  of  the  animal.  It  is 
then  carried  forward  along  the  dorsal  surface  to  the  anterior 
end  of  the  body,  where  the  protoplasmic  motion  is  again 
reversed,  and  the  gastric  vacuole  passes  first  ventrally  and 
then  posteriorly  toward  a  definite  anal  spot  which  is  situated 
on  the  ventral  surface  of  the  body,  near  the  posterior  end. 
Emphasis  should  be  laid  upon  the  fact  that  this  process  of 
cyclosis,  which  results  in  a  definite  orderly  movement  of  the 
gastric  vacuoles  through  the  endoplasm  of  Paramecium,  is 
due  to  a  streaming  of  the  endoplasm,  the  food  vacuoles 
playing  an  entirely  passive  role.  A  similar  movement  (p.  7) 
has  already  been  noted  in  the  cells  of  the  green  plant,  Elodea. 

During  this  movement  of  the  gastric  vacuoles,  the  process 
of  digestion  of  the  food  material  takes  place.  The  results 
of  experimental  studies  show  that  the  chemical  actions,  which 
take  place  in  the  digestion  of  food  in  the  gastric  vacuoles  of 
Paramecium  and  in  many  other  Protozoa,  are  fundamentally 
the  same  as  take  place  in  the  digestion  of  food  in  higher  forms 
of  animal  life.  In  all  cases  the  food  is  acted  on  by  the 
secreted  enzymes  which  render  it  soluble  and  capable  of  being 
assimilated  by  the  protoplasm. 

Paramecium  does  not  show  a  definite  selection  of  food  such 
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as  occurs  in  Amoeba.  Almost  any  minute  particle,  whether 
it  be  food  or  not,  which  comes  in  the  range  of  the  current  of 
water  caused  by  the  beat  of  the  cilia  in  the  peristome  may 
be  carried  along  and  deposited  in  a  food  vacuole.  This  can 
be  well  illustrated  by  adding  a  small  amount  of  an  indi¬ 
gestible  substance,  such  as  powdered  carmine  or  other  finely 
ground  material,  to  the  fluid  which  contains  Paramecia. 
A  microscopic  study  of  such  a  preparation  shows  that  the 
indigestible  carmine  particles  are  collected  to  form  gastric 
vacuoles  in  just  the  same  way  as  are  food  particles.  The 
carmine-filled  gastric  vacuoles  are  also  detached  from  the 
end  of  the  gullet  and  carried  in  the  normal  way  through  the 
endoplasm,  finally  ending  at  the  anal  spot,  from  which  the 
carmine  particles  are  egested. 

2.  Respiration  and  Excretion 

We  turn  now  to  a  consideration  of  the  methods  by  which 
the  wastes  resulting  from  the  continual  breaking  down  of 
protoplasm  are  eliminated.  It  may  be  stated  at  once  that 
the  same  methods  are  used  in  Paramecium  as  in  Amoeba 
and  Euglena ;  that  is,  the  interchange  of  gases  through  the 
surface  of  the  body,  and  the  excretion  of  the  liquid  wastes 
by  means  of  the  two  contractile  vacuoles. 

The  contractile  vacuoles  in  Paramecium  maintain  practi¬ 
cally  constant  positions,  one  near  the  anterior  end  and  the 
other  near  the  posterior  end  of  the  body.  The  liquid  wastes 
first  collect  in  the  radiating  canals  which  surround  each 
contractile  vacuole.  They  pass  from  the  former  into  the 
central  cavity,  from  wdiich  they  are  expelled  to  the  exterior 
later  by  the  contraction  of  the  surrounding  endoplasm. 
The  two  vacuoles,  as  a  rule,  contract  alternate^. 

3.  Reproduction 

In  Paramecium,  just  as  in  the  other  unicellular  forms, 
reproduction  occurs  as  a  result  of  a  division  of  the  cell  into 
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two  daughter-cells.  Paramecium  and  other  Infusoria  divide 
transversely,  whereas  in  Euglena  and  other  Flagellates  the 
division  is  longitudinal  (W.  f.  11). 

In  the  cell  division  of  Paramecium  there  is,  first,  a  division 
of  the  micronucleus  into  two  equal  parts.  Then  the  ma¬ 
cronucleus,  having  elongated  somewhat,  also  divides  into 
halves.  Following  this,  the  cytoplasm  in  the  center  of  the 
animal  begins  to  constrict  transversely.  The  constriction 
continues  to  deepen,  and  in  the  course  of  an  hour  or  so,  the 
animal  is  completely  divided  into  two  daughter-cells,  each 
of  which,  although  at  first  only  one-half  the  normal  size, 
nevertheless  contains  the  normal  nuclear  structure  and 
most  of  the  other  characteristic  features.  Structural 
modifications  are  occurring  synchronously  with  the  division 
of  the  nuclei  and  the  cell  body,  so  that  when  the  two  halves 
separate,  the  animal  formed  from  the  anterior  half  has  a 
newly  formed  posterior  end,  and  the  animal  resulting  from 
the  posterior  half  has  a  newly  formed  anterior  end  with  the 
various  specialized  structures,  such  as  the  peristome  and 
contractile  vacuole.  This  process  of  cell  division  normally 
may  take  place  two  or  three  times  within  twenty -four  hours. 

The  life  history  of  Paramecium,  however,  is  not  so  simple 
as  might  be  thought  from  the  above  description  of  repro¬ 
duction  by  cell  division,  for  there  is  strong  evidence  that 
after  reproduction  has  gone  on  for  a  considerable  number 
of  generations  in  this  manner,  a  reorganization  of  the  cyto¬ 
plasmic  and  nuclear  material  typically  occurs.  It  is  probable 
that  this  reorganization  can  take  place  either  by  endomixis 
or  by  CONJUGATION. 

Endomixis.  If  Paramecia  are  kept  under  certain  culture 
conditions  in  which  they  can  be  observed  day  by  day,  it 
will  be  found  that  a  lowering  of  the  division,  or  reproduction, 
rate  occurs  at  quite  regular  intervals.  This  reduction  is 
apparently  independent  of  the  food  or  of  other  environmental 
conditions.  In  other  words,  although  there  is  plenty  of 
food,  the  animals  are  not  able  to  reproduce  as  rapidly  as 
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usual,  due,  supposedly,  to  some  internal  factor  or  factors. 
A  depression  of  this  type  is  the  external  evidence  of  the 
beginning  of  a  periodic  process  of  intracellular  reorgani¬ 
zation  and  adjustment  between  the  cytoplasm  and  nuclear 
material  of  the  animal,  known  as  endomixis  (W.  f.  131). 

A  study  of  the  process  of  endomixis  in  the  species  known 
as  Paramecium  aurelia,  which  has  normally  two  micronuclei, 
shows  that :  (1)  each  of  the  micronuclei  divides  twice  to  form 
a  total  of  eight  micronuclei  (W.  f.  131,  C) ;  (2)  the  macro¬ 
nucleus  fragments  and  finally  is  completely  broken  down  and 
dissolved  in  the  cytoplasm ;  (3)  six  out  of  eight  of  the  newly 
formed  micronuclei  degenerate  (W.  f.  131,  D) ;  (4)  the  cell 
divides,  and  one  micronucleus  goes  to  each  daughter-cell 
(W.  f.  131,  E) ;  (5)  the  micronucleus  in  each  cell  divides 
twice  to  form  four  nuclei  (W.  f.  131,  G),  two  of  which  become 
macronuclei  and  two  micronuclei  (W.  f.  131,  H ) ;  (6)  each 
of  the  two  cells  now  divides,  thus  giving  four  normal  cells, 
each  of  which  has  a  macronucleus  and  two  micronuclei 
(W.  f.  131,  J ). 

From  the  above  description,  it  can  be  seen  that  the  process 
of  endomixis  brings  about  a  complete,  periodic  reorgani¬ 
zation  of  the  entire  nuclear  apparatus  of  an  animal.  When 
the  process  has  been  completed,  the  normal  rate  of  division, 
which  has  been  temporarily  depressed,  is  again  established, 
and  the  animal  —  if  the  environmental  conditions  are  suit¬ 
able  —  can  grow  and  reproduce  with  the  normal  rapidity  for 
some  weeks  until  the  onset  of  the  next  endomictic  period. 

Conjugation.  Considering  next  the  process  of  conju¬ 
gation,  which  apparently  is  of  almost  universal  occurrence 
among  the  Protozoa,  it  should  be  emphasized  that,  while 
it  is  a  process  of  nuclear  and  cytoplasmic  reorganization,  it 
also  involves,  first,  an  interchange  of  nuclear  material  be¬ 
tween  two  animals  and,  second,  the  fusion  (amphimixis) 
in  each  animal  of  the  nuclear  material  received  with  a 
portion  of  the  nuclear  material  already  there  to  form  a 
fertilization  nucleus,  or  synkaryon. 
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The  first  step  in  the  process  of  conjugation  in  Paramecium 
is  the  meeting  and  temporary  fusion  of  two  animals.  This 
normally  occurs  in  such  a  way  as  to  involve  a  considerable 
portion  of  the  oral  surfaces  (W.  f.  12).  Thus  a  temporary 
protoplasmic  bridge  is  formed  between  the  animals.  Coin¬ 
cident  with  this  external  fusion  of  the  two  animals,  a  series 
of  internal,  nuclear-reorganization  phenomena  begin  in  each 
animal  which  are  of  the  same  general  character  as  in  endo- 
mixis,  and  which  in  Paramecium  aurelia  may  be  outlined 
as  follows  (W.  f.  130) : 

(1)  The  two  micronuclei  in  each  animal  become  somewhat 
enlarged,  and  two  mitotic  divisions  occur,  resulting  in  the 
formation  of  eight  micronuclei  in  each  animal  (W.  f.  130,  C). 
The  macronucleus,  which  plays  no  apparent  part  in  con¬ 
jugation,  degenerates  and  entirely  disappears. 

(2)  Seven  of  the  eight  newly  formed  micronuclei  in  each 
animal  degenerate  (W.  f.  130,  D),  and  the  remaining  one 
divides  again  to  form  two  bodies,  known  as  pronuclei 
(W.  f.  130,  F). 

(3)  The  two  pronuclei  in  each  animal  exhibit  a  different 
behavior ;  one  of  them  (stationary  pronucleus)  remains 
in  the  animal  where  it  was  formed,  but  the  other  (migratory 
pronucleus)  moves  across  the  protoplasmic  bridge  into  the 
other  animal  (W.  f.  130,  F),  where  it  permanently  fuses 
(fertilization)  with  the  stationary  pronucleus  there  present 
to  form  the  synkaryon  (W.  f.  130,  G). 

(4)  The  exchange  of  nuclear  material  having  been  effected, 
the  two  animals  separate.  In  each  exconjugant  the  new 
nuclear  apparatus  is  then  built  up  by  the  division  and  dif¬ 
ferentiation  of  the  synkaryon.  It  divides  twice  in  each 
exconjugant  to  form  four  micronuclei  (W.  f.  130,  /),  two  of 
which  remain  as  micro  nuclei  and  two  enlarge  to  form  ma¬ 
cronuclei  (W.  f.  130,  J ).  The  two  micronuclei  in  each 
exconjugant  then  divide  (W.  f.  130,  K ).  This  is  followed 
by  the  division  of  each  exconjugant  into  two  normal  cells, 
each  with  a  macronucleus  and  two  micronuclei  (W.  f. 
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130,  K).  A  period  of  regular  cell  division  now  follows  (W. 
f.  115,  A). 


4.  Adaptation 

The  fact  that  Paramecium,  because  of  its  highly  developed, 
ciliary  locomotor  apparatus,  is  able  to  move  in  any  direction 
with  considerable  rapidity,  makes  it  a  valuable  animal  for 
studying  its  reaction,  or  “motor  response”  to  various  kinds 
of  external  stimuli.  The  latter  may  be  caused  by  various 
changes  in  the  environment  as  a  result  of  the  action  of  chemi¬ 
cal,  electrical,  photic,  or  thermal  phenomena.  If,  for  ex¬ 
ample,  a  drop  of  some  unfavorable  fluid  is  added  to  the  culture 
medium  containing  Paramecia,  when  the  animals  come  into 
contact  with  it,  they  will  give  a  characteristic  “avoiding 
reaction.”  In  such  a  case  an  animal  first  backs  off  a  little  way 
from  the  unsuitable  region,  changes  the  course  of  direction 
somewhat,  and  then  moves  forward  in  an  endeavor  to  avoid 
the  source  of  irritation.  If  the  direction  taken  accomplishes 
this,  then  the  animal  will  continue  its  course  ahead  until 
some  other  external  factor  intervenes  to  bring  about  a  change 
of  direction.  If  the  direction  taken  again  brings  the  animal 
into  contact  with  the  unfavorable  medium,  the  avoiding 
reaction  is  again  given,  and  another  course  is  tried  (W.  pp. 
340-344). 

In  locomotion,  the  cilia  covering  the  body  of  the  animal 
exhibit  a  beautifully  coordinated,  beating  movement.  Their 
action  normally  drives  the  animal  forward,  but  by  a  reversal 
of  the  ciliary  action,  the  animal  is  able  to  move  backward 
with  equal  rapidity.  It  is  obvious,  of  course,  that  the  move¬ 
ments  of  all  the  cilia  must  be  in  unison  if  a  definite  progression 
of  the  animal  is  to  be  obtained.  It  is  an  interesting  problem 
to  determine  how  the  beats  of  almost  innumerable  cilia  can  be 
controlled  in  such  a  way  as  to  bring  uniformity  of  action,  or 
how  the  action  of  all  the  cilia  can  be  reversed  suddenly,  and 
the  animal  thereby  driven  in  the  opposite  direction.  It 
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would  seem  as  if  there  must  of  necessity  be  some  sort  of 
complicated  controlling  mechanism  to  bring  about  such 
coordination,  and,  as  a  matter  of  fact,  evidence  has  recently 
been  found  in  several  species  of  Ciliates,  including  Para¬ 
mecium,  which  goes  to  show  that  a  coordinating  “  neuro¬ 
motor  ”  apparatus  is  present.  Presumably  this  apparatus 
functions  somewhat  like  the  nervous  system  in  the  higher 
forms  of  animals. 


VI.  VORTICELLA 


The  Ciliates,  in  addition  to  the  type  already  noted,  in¬ 
clude  a  group  of  interesting  forms,  of  which  Vorticella 
may  be  taken  as  a  typical  example.  These  animals  are 
typically  bell-shaped,  and  the  ‘handle’  to  the  bell  consists  of 
a  comparatively  long,  contractile  stalk.  The  cilia  are,  in 
general,  restricted  to  a  definite  anterior  region  where  they 
aid,  as  in  Paramecium,  in  the  capture  of  food  particles. 
Our  interest  in  V orticella  lies  chiefly  in  the  complexity  of  its 
structure,  and  particularly  in  the  fact  that  differentiated 
contractile  fibers  are  present.  Thus  there  is  found  in  this 
protozoan  form  the  forerunner  of  the  specialized  contractile 
elements,  the  muscle  tissue,  of  the  higher  animals.  Vorti¬ 
cella  is  a  single  form,  but  there  are  a  number  of  other  closely 
related  types  which  are  colonial.  In  such  cases,  several 
individuals  are  attached  to  a  common  contractile  stalk. 

A.  Structure  of  Vorticella 

Vorticella,  because  of  its  shape,  is  often  referred  to  as  the 
“bell-animalcule.”  Projecting  from  the  apex  of  the  bell¬ 
shaped  body  is  a  long  contractile  stalk  which  serves  to  attach 
the  animal  to  any  near-by  piece  of  solid  matter.  The  large, 
flaring  bottom  of  the  bell  is  almost  filled  with  a  circular 
structure,  known  as  the  disc.  The  edge,  or  epistome,  of 
the  disc  is  in  close  contact  with  the  lower  edge,  or  peristome, 
of  the  body  around  most  of  its  circumference.  At  one  point, 
however,  the  epistome  and  peristome  are  separated,  and  a 
considerable  space  is  left  between  them,  which  is  known  as 
the  vestibule.  In  this  vestibule,  the  food  particles  are 
first  collected,  and  then  pass  from  it  through  a  mouth  opening 
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into  the  gullet.  Also  the  liquid  wastes  of  the  animal  are 
given  off  into  the  vestibule  and  thence  passed  to  the  ex¬ 
terior.  The  body  of  Vorticella  is  made  up  of  an  outer  layer 
of  ectoplasm  and  an  inner  mass  of  endoplasm.  A  secreted 
pellicle  is  present  and  forms  a  covering  over  the  entire  body. 

The  endoplasm  of  Vorticella,  as  in  other  protozoan  forms, 
makes  up  the  great  mass  of  the  bell-shaped  body.  It  con¬ 
tains  numerous  gastric  vacuoles,  a  large  U-shaped  macronu¬ 
cleus,  and  a  small  micronucleus  (W.  f.  16,  D,  Na,  N,  Nn ). 
There  is  usually  a  single,  large  contractile  vacuole  (W.  f.  16, 
D,  Cv).  ' 

Axial  Filament.  In  the  stalk,  entirely  enclosed  by  the 
pellicle,  is  an  interesting  structure,  the  axial  filament. 
This  is  a  specialized  contractile  element  and  consists  of  a 
great  number  of  fine,  contractile  fibers,  the  myonemes.  These 
arise  in  the  ectoplasm  of  the  bell  and  converge  to  form 
the  axial  filament  in  the  stalk.  The  myonemes  are  of  par¬ 
ticular  interest,  because  they  represent  the  lowest  type  of 
differentiated  contractile  fibers  which  may  be  compared  to 
the  contractile  muscular  elements  of  higher  animals  (W.  f. 
16,  D,  Fi,  My). 

When  the  axial  filament  of  the  stalk  is  completely  con¬ 
tracted,  it  looks  like  a  tightly  wound  spiral  spring,  and  all 
degrees  of  contraction  can  be  observed  between  this  condi¬ 
tion  and  a  nearly  straight  rod  during  the  frequent  contraction 
and  expansion.  When  a  contraction  of  the  axial  filament 
occurs,  the  myonemes  in  the  wall  of  the  bell  usually  also 
contract,  and  this  brings  about  a  contraction  of  the  flaring 
peristome  and  the  disc  of  the  cell  body.  As  a  result,  the 
bell-shape  of  the  body  is  temporarily  modified  and  becomes 
almost  spherical. 

Cilia.  The  cilia  of  Vorticella  in  the  attached,  or  sessile, 
animals  do  not  form  a  uniform  coating  over  the  outer  sur¬ 
face  as  in  Paramecium,  but  are  restricted  to  the  edges  of 
the  peristome  and  epistome,  and  to  the  vestibular  space. 
The  chief  function  of  the  cilia  in  Vorticella  is  to  create  a 
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water  current  which  will  sweep  food  particles  into  the 
vestibule  and  thence  through  the  mouth  into  the  gullet  (W. 
f.  16,  D,  a  Sp). 

The  discussion  of  Vorticella,  so  far,  has  been  confined  to 
the  attached,  or  sessile,  animals.  But  as  a  result  either  of 
unfavorable  environmental  conditions  or  of  cell  division, 
free-swimming  animals,  without  stalks,  may  be  found  occa¬ 
sionally.  In  such  cases  an  additional  band  of  cilia  specialized 
for  locomotion  is  developed.  This  band  encircles  the  body 
near  where  the  stalk  is  normally  attached,  and  the  stalkless 
animal  is  able  to  swim  freely  through  the  water.  This  is  a 
temporary  condition,  however,  and  when  a  suitable  environ¬ 
ment  is  found,  the  animal  settles  down  and  a  new  stalk  is 
developed. 


B.  Life  Processes  of  Vorticella 
1.  Nutrition 

The  nutrition  of  Vorticella  is  holozoic  and  very  similar 
to  that  of  Paramecium.  The  food  particles,  consisting 
largely  of  Bacteria  which  are  swept  into  the  vestibule  and 
through  the  mouth,  are  collected  at  the  base  of  the  gullet 
in  a  gastric  vacuole.  As  in  Paramecium,  there  is  a  definite 
cyclosis  of  the  endoplasm,  as  the  result  of  which  the  gastric 
vacuoles  are  carried  along  in  a  regular  path  through  the 
body.  The  indigestible  refuse  is  egested  through  a  definite 
anal  spot  which  also  opens  into  the  vestibule.  Carmine 
particles  can  be  used  with  Vorticella  just  as  with  Parame¬ 
cium  to  show  various  features  of  the  process. 

The  excretion  of  liquid  and  gaseous  wastes,  resulting  from 
the  continual  breaking  down  of  the  living  matter,  is  also 
similar  to  Paramecium.  There  is  a  single  large  contractile 
vacuole  which  expels  the  liquid  wastes  to  the  exterior 
through  an  opening  into  the  vestibule,  and  respiration  occurs 
over  the  entire  surface  of  the  cell  body. 
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2.  Reproduction 

In  Vorticella,  asexual  reproduction  by  division  takes  place 
very  frequently  if  conditions  are  favorable.  Three  or  four 
divisions  a  day  are  not  uncommon,  so  that,  from  a  single  ani¬ 
mal,  sixteen  or  even  more  typical  individuals  may  arise 
within  twenty-four  hours.  In  dividing,  the  micronucleus 
is  first  to  act,  then  the  macronucleus,  and  finally  the  cell 
body.  The  splitting  of  the  cell  body  begins  first  in  the  re¬ 
gion  of  the  peristome  and  proceeds  toward  the  apex  of  the  bell 
where  the  stalk  is  attached.  For  a  short  time  after  the  divi¬ 
sion  has  occurred,  two  small,  but  complete,  individuals  may 
be  attached  to  a  single  stalk.  Shortly  afterwards,  however, 
one  animal  develops  a  temporary  band  of  locomotor  cilia, 
as  mentioned  above,  and  breaks  away  from  the  stalk  as  a 
free-swimming  individual.  It  soon  settles  down,  develops 
a  new  stalk,  and,  after  a  few  hours  or  more  when  it  has 
grown  to  a  certain  size,  may  reproduce  again. 

Conjugation.  The  process  of  conjugation  in  Vorticella 
is  somewhat  different  from  that  already  noted  in  Paramecium, 
in  which  two  individuals  of  the  same  size  (isogamous)  fuse 
temporarily  for  the  purpose  of  interchanging  nuclear  ma¬ 
terial,  and  then  separate  when  this  has  been  accomplished. 
In  Vorticella  there  is  a  permanent  fusion  of  a  small,  specialized 
free-swimming  individual,  the  ‘  microgamete, ’  with  a  normal 
attached  individual,  the  ‘  macrogamete.  ’  This  process  is 
known  as  anisogamous  conjugation.  The  main  features  of 
the  process  of  conjugation  in  Vorticella  may  now  be  outlined. 

(1)  The  female  macrogamete  is,  to  all  appearances,  a 
typical  Vorticella. 

(2)  The  male  microgamete  is  a  small  atypical  cell  without 
a  stalk,  and  otherwise  showing  considerable  divergence.  It 
is  formed  by  the  rapid  division  of  an  apparently  typical 
Vorticella  into  first  two,  and  then  into  four,  small  equal¬ 
sized  cells,  all  of  which  quickly  separate  and  swim  away  to 
seek  a  macrogamete. 
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(3)  When  a  microgamete  comes  ipto  contact  with  a  mac¬ 
rogamete,  it  fuses  with  it  permanently.  The  place  of  fusion 
is  generally  on  the  side  of  the  macrogamete  near  where  the 
stalk  is  attached.  The  body  of  the  microgamete  is  entirely 
absorbed,  after  a  time,  into  the  macrogamete,  and  a  fusion 
of  the  micronuclear  material  of  the  microgamete  and  macro¬ 
gamete  also  occurs  to  form  a  synkaryon. 

(4)  The  essential  features  of  the  nuclear  changes  in  the 
conjugation  of  Yorticella  agree  with  those  of  Paramecium, 
and  it  is  not  necessary  to  do  more  than  emphasize  the  main 
fact  that,  as  a  result  of  the  conjugation,  a  new  nuclear  appa¬ 
ratus  is  built  up  in  the  macrogamete  from  the  synkaryon, 
after  which  the  individual  begins  another  period  of  repro¬ 
duction  by  division. 


VII.  BACTERIA1 


In  the  preceding  sections  the  structure  and  life  processes 
of  certain  animals  and  green  plants  have  been  considered. 
It  is  next  in  order  to  consider  a  noteworthy  series  of  or¬ 
ganisms,  the  colorless  plants,  which  fundamentally  affect, 
and  are  vitally  connected  with,  the  life  processes  of  all  other 
living  organisms.  The  colorless  plants,  or  Fungi,  as  they 
are  technically  termed,  all  lack  chlorophyll,  and,  typically, 
are  dependent  for  their  nutrition  upon  complex  foodstuffs. 
Furthermore,  the  food  must  always  be  in  a  soluble  form,  so 
that  it  will  pass  through  the  cell  wall.  If  the  particular 
colorless  plant  secures  its  nourishment  from  solutions  con¬ 
taining  decaying  organic  material,  it  is  said  to  be  sapro¬ 
phytic.  If,  on  the  other  hand,  as  is  frequently  the  case, 
the  soluble  food  material  is  obtained  from,  and  at  the  expense 
of,  a  living  organism,  that  particular  colorless  plant  is  said 
to  be  PARASITIC. 

The  Fungi  include  such  plants  as  the  Bacteria,  Yeast, 
Molds,  Mildews,  Mushrooms,  etc.  Their  structure  is  usu¬ 
ally  of  a  simple  and  primitive  type,  particularly  in  the  uni¬ 
cellular  forms  like  the  Bacteria  and  Yeast.  A  similar  sim¬ 
plicity  of  structure  is  found  in  certain  of  the  Algae,  as  noted 
in  the  previous  study  of  Pleurococcus.  There  is  a  close 
structural  relationship  between  the  Algae  and  Fungi,  and 
they  are  grouped  together  to  form  the  lowest  Phylum  in 
the  Plant  Kingdom,  namely,  the  Thallophyta  (W.  p.  413). 
The  thallus  plants  usually  have  no  differentiation  into  stem, 
leaves,  or  roots. 

Although  the  Bacteria  are  commonly  classified  as  belong¬ 
ing  to  the  Fungi,  their  relationship  to  other  members  of  this 

1  Woodruff,  pp.  44-53,  309,  333. 

41 


42 


MANUAL  OF  BIOLOGICAL  FORMS 


group  is  by  no  means  clear.  The  fact  is  their  structure  is 
so  primitive  that  their  exact  relationships  have  not  been  deter¬ 
mined.  Notwithstanding  their  low  type  of  organization, 
they  must  be  regarded  as  a  very  successful  group  of  organ¬ 
isms,  for  they  are  adapted  to  all  sorts  of  conditions  and  in¬ 
crease  with  extreme  rapidity.  They  are  practically  omni¬ 
present  in  the  air,  in  dust,  in  both  fresh  and  salt  water,  and 
even  in  our  own  bodies. 

A.  Structure  of  the  Bacteria 

There  are  some  1400  known  species  of  Bacteria,  but,  from 
a  morphological  standpoint,  the  single  cells  of  all  these 
species,  although  there  are  many  gradations,  can  be  placed 
in  one  of  the  following  three  groups :  (1)  the  spherical  cocci 
(singular  coccus) ;  (2)  the  rod-like  bacilli  (singular  bacil¬ 
lus),  and  (3)  the  more  or  less  spiral  forms,  spirilla  (singu¬ 
lar  spirillum).  Bacteria  are  all  microscopic  in  size.  There 
are  some  species  of  Bacteria  which  are  so  small  that  they  can¬ 
not  be  seen  even  under  the  highest  powers  of  the  micro¬ 
scope.  The  average  diameter  of  the  cocci  type  is  stated  to 
be  about  1  micron  (.001  of  a  millimeter  or  about 
of  an  inch),  and  this  measurement  is  also  approximately 
correct  for  the  average  short  diameter  of  the  bacilli  and 
spirilla  forms  (W.  f.  13). 

Apparently  the  cell  structure  of  all  types  of  Bacteria  is 
very  simple,  consisting  only  of  the  cell  wall  and  cytoplasm. 
A  definite  nucleus  is  not  present,  but  it  is  possible  in 
some  forms  to  demonstrate  the  presence  of  nuclear  mate¬ 
rial.  The  cell  wall  of  the  Bacteria  is  generally  of  a  protein, 
rather  than  of  a  cellulose,  character.  In  that  respect  it  re¬ 
sembles  the  wall  of  an  animal  cell  rather  than  the  wall  of  a 
plant  cell.  The  cell  walls,  in  general,  are  double,  and  consist 
of  an  inner,  more  rigid  layer  and  an  outer,  less  rigid  layer; 
the  latter  in  many  species  may  become  somewhat  deliques¬ 
cent  and  sticky,  thus  causing  the  cells  to  adhere  in  groups  of 
various  shapes  and  sizes.  The  Bacteria,  which  normally 
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adhere  to  form  definite  cell  groups,  are  frequently  named 
according  to  the  shape  of  the  group.  A  discussion  of  this 
phenomenon  is  given  below  (p.  47).  There  are  no  openings 
in  the  cell  wall,  so  that  all  materials  must  pass  directly 
through  this  membrane,  presumably  governed  by  the  laws 
of  diffusion.  In  certain  of  the  Bacteria  definite  flagella  are 
present  for  use  in  locomotion  (W.  f.  13,  2,  3). 

In  addition  to  the  simple  types  of  Bacteria,  as  just  de¬ 
scribed,  there  is  a  group  of  so-called  Higher  Bacteria,  or 
Trichobacteria,  in  which  a  number  of  cells  become  at¬ 
tached,  and  thus  form  definite  filaments.  Sometimes  these 
filaments  show  a  true  branching.  The  attached  cells  in  a 
filament,  although  capable  of  independent  existence,  are 
slightly  differentiated.  A  rather  common  example  of  the 
Trichobacteria  is  the  Sulphur  Bacteria,  Beggiatoa.  In  this 
form  unbranched  filaments,  consisting  of  flat  cells,  are  pres¬ 
ent.  The  cytoplasm  of  these  cells  contains  sulphur  gran¬ 
ules  (W.  f.  158). 

B.  Life  Processes  of  the  Bacteria 
1.  Nutrition 

Lacking  chlorophyll,  the  Bacteria  cannot  manufacture 
food  photosynthetically,  and  are,  typically,  dependent  upon 
some  sort  of  complex  food  material.  But  various  species  of 
Bacteria  exhibit  the  utmost  variety  with  regard  to  their  food 
materials,  which  range  from  the  very  simple  to  the  very  com¬ 
plex.  The  food  must,  however,  be  in  a  soluble  form,  so  that 
it  can  pass  through  the  cell  wall.  This  type,  as  noted  above, 
is  termed  saprophytic  nutrition.  In  securing  food  the  Bac¬ 
teria  have  the  ability  to  secrete  certain  digestive  ferments, 
or  enzymes,  into  their  immediate  environment,  and  thus 
the  solid  food  materials  there  present  are  rendered  soluble 
and  capable  of  being  absorbed  through  the  cell  walls.  This 
is  what  happens  when  vegetable  or  animal  matter  decays. 

Bacteria,  as  well  as  all  other  living  organisms,  must  have 
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oxygen  in  order  to  carry  on  certain  oxidative  processes  which 
are  fundamental  in  the  life  processes  of  all  living  organisms. 
Some  types  of  Bacteria,  known  as  the  aerobes,  secure  this 
oxygen  directly  from  the  air.  Such  forms  cannot  survive 
in  an  environment  which  lacks  free  oxygen.  Another  type, 
known  as  the  anaerobes,  secure  the  necessary  oxygen  as  a 
result  of  breaking  down  complex  food  compounds.  Bacillus 
tetani,  which  causes  lockjaw,  is  an  anaerobe  (W.  p.  311). 

In  order  to  bring  the  nutrition  of  certain  representative 
Bacteria  clearly  to  mind  it  may  be  well  to  divide  them  into 
a  number  of  classes  and  note  the  environment  and  their 
effect  upon  it. 

Bacteria  of  Decay.  It  is  a  matter  of  common  observa¬ 
tion  that  dead  matter,  whether  from  a  plant  or  animal,  de¬ 
cays.  Specifically,  decay  results  in  a  breaking  down  of  the 
complex  materials,  present  in  plants  and  animals,  into  the 
simpler  compounds  —  carbon  dioxide,  water,  nitrogenous 
and  other  mineral  substances  —  which  can  again  be  utilized 
by  green  plants  to  build  up  foods  photosynthetically.  In 
general,  it  can  be  stated  that  decay  is  due  to  the  action  of 
various  kinds  of  Bacteria,  and  although  in  many  cases  it 
causes  great  harm  and  loss,  yet,  fundamentally,  the  process 
is  of  the  greatest  value.  If  bacterial  action  were  to  stop 
and  thus  bring  about  a  cessation  of  decay,  the  earth  very 
soon  would  be  filled  with  dead  plant  and  animal  material. 
Thus  an  enormous  amount  of  valuable  materials,  which 
must  be  utilized  by  living  organisms  if  life  is  to  continue, 
would  be  unavailable. 

A  very  common  example  of  this  type  of  Bacteria  is  the 
Hay  Bacillus  ( Bacillus  subtilis )  which  brings  about  decay 
in  hay  infusions.  If  a  few  wisps  of  hay  are  placed  in  a  con¬ 
tainer  and  water  added,  it  will  very  soon  begin  to  decay. 
The  decay  is  due  in  large  part  to  the  action  of  the  Hay  Ba¬ 
cilli  which  were  present  either  in  the  water  or  as  spores  on  the 
hay.  Many  other  kinds  of  Bacteria  may  also  be  present 
in  the  very  favorable  environment  which  such  an  infusion 
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affords  for  bacterial  life.  The  decay  is  caused  by  the  chemi¬ 
cal  action  of  the  enzymes  secreted  by  the  Bacteria,  and,  as 
stated  above,  always  results  in  breaking  down  the  proteins 
and  other  complex  compounds  into  simpler  substances. 

Another  common  example  of  decay  Bacteria  is  Bacillus 
vulgaris,  which  brings  about  the  putrefaction  or  decay  of 
animal  proteins  as,  for  example,  in  meat.  The  process  of 
decay,  in  this  case,  causes  the  formation  of  very  disagreeable 
gases  which  result  from  the  destruction  of  the  animal  pro¬ 
teins.  The  final  result  is  the  transformation  of  the  complex 
proteins  of  the  meat  into  the  simpler  compounds  of  which 
they  were  originally  built  up. 

Nitrogen-fixing  Bacteria.  Bacteria  of  this  type  live 
in  the  soil.  They  form  nodules  which  are  present  on  the 
roots  of  leguminous  plants,  such  as  Clover,  Peas,  and  Beans. 
They  are  of  great  value  in  agriculture,  for  they  enrich  the 
soil  so  that  more  abundant  crops  can  be  raised.  The  en¬ 
richment  of  the  soil  is  due  to  the  ability  of  these  forms  to 
capture  nitrogen  from  the  air  and  ‘fix  it’  in  the  form  of  ni¬ 
trates.  The  nitrates  are  then  utilized  by  the  green  plants 
in  building  up  the  proteins. 

It  should  be  stated  that  there  are  also  some  types  of  soil¬ 
living  Bacteria,  known  as  the  denitrifying  bacteria,  which 
carry  out  a  reverse  process  and  break  down  the  nitrates  in 
the  soil  and  thus  release  the  free  nitrogen.  They  deplete, 
rather  than  enrich,  the  soil  and  are  consequently  a  detriment 
to  green  plant  life. 

It  is  also  of  great  interest  to  know  that  at  least  one  group 
of  soil-living  Bacteria  has  been  found  which  are  able  ap¬ 
parently  to  unite  carbon  dioxide  and  water,  and  thus  form 
their  own  food.  The  energy  to  do  this  is  derived,  not  from 
sunlight,  as  in  the  green  plants,  but  from  certain  oxidative 
processes.  This  process  is  known  as  chemosynthesis. 

Fermentation  Bacteria.  This  type  of  Bacteria  is 
concerned  with  the  souring  of  certain  substances,  but  not 
with  the  formation  of  alcohol;  the  latter  being  chiefly  due 
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to  the  action  of  another  unicellular  fungus  plant,  known  as 
Yeast,  which  will  be  considered  in  the  following  chapter. 
An  example  of  the  action  of  the  Fermentation  Bacteria  is 
to  be  seen  in  the  manufacture  of  vinegar.  During  the 
first  stage  of  vinegar  formation  the  cider  is  acted  upon  by 
the  Yeast  cells,  and  the  sugar  present  in  solution  in  the  cider 
is  changed  into  alcohol  and  carbon  dioxide.  The  alcohol  is 
then  acted  upon  by  Bacterium  aceti  in  the  presence  of  free 
oxygen  and  changed  into  acetic  acid  and  water.  The  weak 
solution  of  acetic  acid  in  water,  together  with  certain  aromatic 
substances  present  in  the  original  cider,  constitutes  com¬ 
mercial  vinegar. 

There  are  other  Bacteria  known,  which  are  able  to  change 
the  acetic  acid  in  their  environment  into  carbon  dioxide  and 
water.  The  latter  constitute  the  simple  substances  which 
green  plants  make  use  of  in  photosynthesis  to  form  sugar. 
In  other  words,  the  processes  just  described  constitute  one 
of  the  carbon  cycles  in  nature  (W.  f.  15  A,  B). 

There  are  numerous  other  forms  of  Fermentation  Bac¬ 
teria  which  are  of  commercial  importance,  such  as  Bacte¬ 
rium  lactis  acidi,  which  causes  milk  to  sour  by  changing  the 
milk  sugar  to  lactic  acid.  Others  are  necessary  in  cheese 
manufacture,  and  still  others  aid  in  the  ripening  of  tobacco, 
etc. 

Pathogenic  Bacteria.  Man}^  of  the  worst  diseases 
that  affect  both  plants  and  animals  are  caused  by  an  inva¬ 
sion  or,  as  it  is  termed,  infection  of  parasitic  Bacteria.  Plant 
diseases,  such  as  certain  Blights,  Galls,  and  Rots,  result 
from  the  action  of  Bacteria.  In  Man  and  domestic  animals 
such  diseases  as  Tuberculosis,  Diphtheria,  Anthrax,  Pneu¬ 
monia,  Gonorrhoea,  Septicaemia,  Erysipelas,  T,yphoid  Fever, 
Tetanus,  Cholera,  as  well  as  a  great  manj^  others,  are  due  to 
Bacteria. 

The  ravages  of  these  diseases  are  due  in  some  cases,  for 
example  in  Tuberculosis,  to  the  actual  invasion  and  destruc¬ 
tion  of  the  living  tissues  by  the  bacterial  cells.  In  other 
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diseases  the  harm  is  caused  by  certain  poisonous  substances, 
known  as  toxins,  which  are  given  off  into  the  body  of  the 
host.  The  toxins  are  formed  by  the  Bacteria  as  by-products 
of  their  own  metabolism  (W.  pp.  338-339). 

2.  Reproduction 

The  process  of  reproduction  in  Bacteria  is  extremely 
simple  and  also  extremely  rapid.  So  far  as  known  the  pro¬ 
cess  is  always  an  asexual  one  in  which  the  cells  divide  by 
transverse  fission  into  equal  halves.  The  daughter  cells,  if 
the  environment  is  favorable,  attain  full  size  and  are  ready 
to  divide  again  within  20  or  30  minutes,  so  that  it  has  been 
estimated  that  the  descendants  of  a  single  individual  of  the 
Hay  Bacillus,  for  example,  would  number  281,500,000,000 
in  48  hours.  At  this  rate,  if  the  environment  were  to  con¬ 
tinue  favorable,  it  would  only  be  a  comparatively  short 
time  until  the  progeny  of  a  single  Bacterium  would  com¬ 
pletely  fill  the  known  universe. 

Favorable  environmental  conditions  are  only  temporary, 
however,  and  soon  the  rapid  multiplication  is  obliged  to  stop. 
Under  such  conditions  some  of  the  Bacteria  form  thick-walled 
spores.  Life  processes  in  these  spores  are  at  a  very  low 
point.  In  this  dormant  condition  there  is  no  absorption  of 
food,  and,  owing  to  the  thick  wall,  the  cells  are  able  to  with¬ 
stand  drying  and  great  extremes  of  temperature.  It  is  in 
this  dormant  spore  condition  that  Bacteria  are  present  in 
the  air  and  dust,  and  when,  perchance,  a  suitable  environ¬ 
ment  is  found,  the  thick  wall  of  the  spore  soon  dissolves  and 
an  active  existence  is  begun  with  very  little  delay  (W.  f.  1G0). 

Cell  Grouping.  In  some  species  of  Bacteria  the  cells 
completely  separate  at  the  time  of  division.  A  single  cell 
of  this  type  is  generally  referred  to  as  a  Micrococcus  or  a 
Microbacillus.  In  other  Bacteria,  the  cells,  which  may  be 
either  cocci  or  bacilli,  remain  attached  in  pairs,  and  these 
are  known  as  Diplococci  or  Diplobacilli ;  or  the  cells  may  be 
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attached  in  groups  of  four,  and  these  are  known  as  Tetra- 
cocci.  Frequently  long  chains  of  cells  are  formed,  and  these 
are  known  as  Streptococci  or  Streptobacilli.  In  some  of 
the  cocci  a  considerable  number  of  cells  may  adhere  to  form 
a  group  of  cells  shaped  more  or  less  like  a  bunch  of  grapes, 
and  such  groups  are  referred  to  as  Staphylococci  (W.  f.  13). 

Some  forms  of  Bacteria  secrete  an  abundant  gelatinous 
material  in  which  the  cells  remain  embedded.  There  is  soon 
built  up  in  this  way  a  common  gelatinous  mass,  known  as 
zoogloea.  This  term  indicates  an  animal  origin,  and  is  a 
relic  of  the  days  when  the  Bacteria  were  regarded  as  animals. 
Coenogloea  is  a  preferable  term. 

C.  The  Cultivation  and  Identification  of  Bacteria 

It  is  doubtful  if  there  is  any  science  that  has  ever  made, 
in  the  same  length  of  time,  as  great  progress  as  has  Bacteri¬ 
ology.  Starting  with  the  basic  work  of  Pasteur  and  Koch, 
our  knowledge  of  the  Bacteria  has  grown  by  leaps  and  bounds. 
The  foundation  for  all  this  advance  in  our  knowledge  of  the 
Bacteria  was  the  discovery  of  methods  by  which  pure  cul¬ 
tures  of  these  organisms  could  be  grown  and  studied,  and 
their  mass-reactions  observed.  As  has  been  noted,  a  single 
Bacteria  cell  is  generally  so  tiny  that  the  microscope  reveals 
very  little  difference  in  structure  between  the  different 
species.  It  was  therefore  necessary,  in  order  to  identify 
them,  that  methods  be  devised  whereby  Bacteria  could  be 
grown  in  pure  cultures  and  the  mass-reactions  of  enormous 
numbers  of  cells  noted. 

It  was  first  necessary  to  secure  a  culture  medium  which 
could  be  sterilized  and  thus  freed  from  all  other  forms,  and 
which  would  also  offer  a  favorable  environment  for  the  growth 
of  the  Bacteria  cells.  It  was  found,  for  example,  that  agar,  a 
plant  material,  could  be  boiled,  together  with  a  certain  pro¬ 
portion  of  beef  broth,  and  the  sterile  mixture  poured  while 
hot  into  test  tubes  or  into  flat  glass  dishes.  As  the  mixture 
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cooled  it  solidified  like  gelatine.  Many  kinds  of  Bacteria, 
when  introduced  into  this  culture  medium,  will  multiply 
very  rapidly.  Thus  it  became  possible  to  inoculate  a  ster¬ 
ile  culture  medium  in  a  test  tube  or  other  container  with  the 
particular  type  of  Bacteria  which  it  was  desired  to  identify 
or  to  study  in  various  other  ways.  After  inoculation  such 
a  culture  can  be  kept  at  a  suitable  temperature  for  a  day  or 
so  until  an  enormous  number  of  Bacteria  have  developed. 
These  can  then  be  studied  both  by  their  reaction  and  ap¬ 
pearance  as  a  mass,  and  also  as  isolated  individuals. 

Such  cultures  show  that  the  various  types  of  Bacteria  have 
specific  mass-effects  on  the  agar  medium  in  which  they  are 
growing ;  some  forms  will  produce  certain  colors ;  others, 
definite  types  of  growth ;  others,  liquefy  the  medium,  etc. 
It  is,  therefore,  possible  by  a  study  of  the  various  charac¬ 
ters  produced  by  the  mass-reaction  to  identify  the  various 
Bacteria.  If,  for  example,  a  physician  is  called  to  attend  a 
patient,  and  from  the  general  appearance  of  the  throat  sus¬ 
pects  diphtheria,  he  touches  the  infected  parts  with  a  bit  of 
sterile  cotton  on  a  swab.  The  swab  is  then  carefully  placed 
in  a  sterile  tube.  Later,  in  the  laboratory,  the  swab  is  rubbed 
across  the  surface  of  a  sterile  agar  culture  medium  in  a  dish. 
The  infected  culture  medium  is  then  kept  in  an  incubator  at 
the  correct  temperature  for  a  certain  number  of  hours,  so 
that  great  numbers  of  the  Bacteria  obtained  from  the  throat 
swab  will  have  time  to  develop.  Observations  can  then  be 
made,  and  it  will  be  possible  to  tell  from  the  reactions  and  ap¬ 
pearance  of  the  culture  medium,  due  to  the  mass-action  of 
the  Bacteria,  whether  the  patient  has  diphtheria  or  not. 


VIII.  YEAST1 


The  Yeasts,  like  the  Bacteria,  are  widely  distributed  uni¬ 
cellular  fungus  plants  with  very  simple  structural  features. 
There  are  numerous  species  of  Yeast  known,  some  of  which 
have  become  ‘domesticated/  and  as  such  can  be  purchased 
in  the  form  of  dried  or  compressed  Yeast  cakes.  Such  a 
cake  contains  an  enormous  number  of  Yeast  cells,  in  a  more 
or  less  inactive  condition,  mixed  with  a  certain  amount  of 
flour  obtained  from  various  cereals.  In  such  a  condition  the 
Yeast  cells  retain  their  vitality  for  awhile,  and  become  ac¬ 
tive  when  given  the  proper  environmental  conditions. 

The  wild  strains  of  Yeast  are  almost  omnipresent,  as  can 
be  shown  by  exposing  fruit  juice  for  a  time.  Very  shortly 
the  juice  will  be  found  to  have  fermented,  and,  when  ex¬ 
amined  microscopically,  to  contain  great  numbers  of  Yeast 
cells.  The  introduction  of  the  Yeast  to  the  fruit  juice  in 
such  a  case  has  occurred  by  means  of  the  inactive  spores 
which  are  present  in  various  places. 

The  action  of  all  varieties  of  Yeast  cells  is  fundamentally 
the  same.  They  are  able,  by  means  of  a  secreted  enzjmie, 
to  act  on  the  sugar  in  a  solution  and  change  it  into  alcohol 
and  carbon  dioxide.  This  is  known  as  alcoholic  fermenta¬ 
tion.  Moreover,  the  different  varieties  of  Yeast  show  marked 
preferences  for  a  particular  environment.  Yeasts  also  have 
certain  physiological  peculiarities,  such  as  the  particular 
flavor  they  impart  to  a  liquid,  the  percentage  of  alcohol  they 
can  form,  etc.,  which  makes  them  adapted  for  definite  uses. 

A.  Structure  of  the  Yeast  Cells 

A  Yeast  plant  consists  of  a  microscopic,  egg-shaped  cell, 
with  a  thin  cellulose  cell  wall  which  encloses  the  cytoplasm. 

1  Woodruff,  309-310. 
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The  cytoplasm  of  a  young  cell  appears  quite  homogeneous. 
In  the  older  cells  various  kinds  of  particles  can  generally  be 
observed  in  the  cytoplasm.  There  is  also  a  comparatively 
large  cell  vacuole,  near  the  center  of  the  cell  (W.  f.  159,  A). 
The  nucleus  of  a  Yeast  cell  is  not  well-developed.  It  lacks 
a  definite  nuclear  membrane  and  really  consists  of  a  small 
mass  of  very  fine  chromatin  granules  toward  one  end  of  the 
cell,  which  can  only  be  demonstrated  in  material  which  has 
been  treated  with  special  staining  methods  (W.  f.  159,  B ). 

B.  Life  Processes  of  the  Yeast  Cells 
1.  Nutrition 

A  Yeast  cell  must  obtain  its  food  in  soluble  form  from 
complex  compounds  which  have  been  built  up  by  the  green 
plants.  The  nutrition  of  Yeast,  therefore,  like  that  of  the 
Fungi  in  general,  is  saprophytic.  Fruit  juices  or  the  solu¬ 
tions  obtained  by  soaking  sprouted  grain  in  water  afford  the 
most  favorable  environment  for  Yeast.  Such  solutions  contain 
the  substances  which  are  essential  for  the  nutrition  of  Yeast. 

Yeast  cannot  live  on  a  sugar  solution  alone.  It  must,  in 
order  to  repair  the  continual  wastes  of  its  own  protoplasm, 
have  a  more  complex  compound  in  which  nitrogen  is  present. 
Yeast  can,  however,  obtain  the  necessary  nitrogen  from  a 
solution  containing  ammonium  tartrate  which  is  a  simpler 
compound  than  even  the  simplest  of  the  proteins.  Green 
plants,  as  already  noted,  can  take  carbon  dioxide,  water,  and 
mineral  salts  and  build  up  their  foods.  Yeast,  if  necessary, 
can  utilize  ammonium  tartrate.  Animals,  however,  require 
more  complex  nitrogen  compounds  as  part  of  their  food 
stuffs.  It  is  clear,  therefore,  that  the  Yeast  cell,  in  its  ni¬ 
trogen  nutrition,  occupies  an  intermediate  position  between 
green  plants  and  animals. 

For  the  excretion  of  the  waste  products  of  metabolism, 
Yeast  has  no  specialized  structures,  and  the  entire  process  is 
carried  on  by  diffusion  through  the  permeable  cell  wall. 
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Alcoholic  Fermentation.  One  of  the  characteristic 
things  about  Saprophytes  is  their  ability  to  give  off  into  the 
surrounding  environment  certain  specific  chemical  agents, 
known  either  as  enzymes  or  ferments,  which  are  able  to 
cause  definite  chemical  reactions  necessary  for  various  meta¬ 
bolic  activities.  Thus  it  is  with  the  Yeast  cells.  The  cy¬ 
toplasm  manufactures  an  enzyme,  known  as  zymase,  which, 
when  given  off  into  a  sugar  solution,  causes  the  disintegration 
of  the  sugar  molecule  and  the  formation  from  it  of  alcohol  and 
carbon  dioxide.  By  means  of  this  process  the  Yeast  secures 
energy  for  metabolism.  Fundamentally,  the  process  may  be 
regarded  as  constituting  the  respiration  of  the  Yeast,  and 
the  carbon  dioxide  and  alcohol  as  the  by-products  resulting 
therefrom.  While  there  is  considerable  variation  as  to  the 
amount  of  alcohol  which  may  be  formed  in  a  liquid  without 
causing  harm  to  the  Yeast  cells,  it  has  been  shown  that  the 
maximum  amount,  for  any  species,  is  about  16  per  cent. 

2.  Reproduction 

The  reproduction  of  most  species  of  Yeast  is  entirely 
asexual.  It  takes  place  either  by  budding  or  by  spore  for¬ 
mation.  The  latter  method  is  adapted  for  tiding  the  organism 
over  unfavorable  environmental  conditions. 

In  reproduction  by  budding,  which  is  a  very  common  pro¬ 
cess  in  an  active  culture  of  Yeast,  the  cellulose  wall  of  the 
cell  is  pushed  out  at  one  pole  by  the  cytoplasm,  and  a  little 
knob,  or  bud,  forms.  The  bud  rapidly  increases  in  size  and 
is  soon  almost  as  large  as  the  mother  cell.  At  this  stage  the 
bud  may  break  away  and  begin  an  independent  existence, 
or  it  may  remain  attached  and  form  other  buds.  In  the 
latter  cases  a  colony,  consisting  of  a  considerable  number  of 
attached  cells,  is  soon  formed  (W.  f.  159,  C,  D ). 

Reproduction  by  spore  formation  generally  occurs  when 
the  environmental  conditions  of  the  Yeast  cells,  i.e.,  the  solu¬ 
tion  in  which  they  are  present,  becomes  unsuited  for  their 
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active  vegetation.  The  unfavorable  condition  may  arise 
by  an  evaporation  of  the  fluid,  the  exhaustion  of  the  food 
supply,  or  by  the  presence  of  too  high  a  percentage  of  alcohol. 

In  spore  formation,  the  cytoplasm  in  the  Yeast  cells  divides 
into  two,  three,  or  four  definite  round  bodies,  the  spores 
which  remain  enclosed  in  a  heavy  wall.  Spore  formation 
is  purely  an  asexual  process.  In  this  condition  the  Yeast 
cell  is  dormant  and  can  withstand  drying,  extreme  tempera¬ 
ture,  etc.,  which  would  kill  active  vegetative  cells.  When 
the  cells  again  find  a  suitable  environment,  the  spores  emerge 
from  the  enclosing  wall  and  at  once  begin  active  operations. 

3.  Economic  Importance 

Yeast  is  employed  in  bread-making  to  raise  the  dough. 
In  such  cases  the  Yeast  is  added  to  a  mixture  of  flour  and 
water,  which  contains  a  little  sugar  solution.  The  enzyme 
secreted  by  the  Yeast  cells  acts  on  the  sugar,  forming  a  small 
amount  of  alcohol  together  with  carbon  dioxide  gas.  The 
latter,  passing  through  the  bread,  leavens  it  and  makes  it 
porous.  The  spaces  occupied  by  the  gas  remain  permanently 
in  the  bread  when  baked.  The  small  amount  of  alcohol 
passes  off  during  the  baking. 

In  the  making  of  wine  and  cider  the  enzymes  of  the  Yeast 
cells  break  down  the  sugar  present  in  the  fruit  juices,  and 
varying  amounts  of  alcohol  are  thus  formed.  In  brewing, 
the  Yeast  is  added  to  a  sugar-containing  solution,  made  by 
soaking  sprouted,  crushed  grain  in  water.  The  sprouting  of 
the  grain  converts  a  certain  amount  of  the  starch  present  in 
the  seeds  into  sugar,  and  the  Yeast  acting  on  this  sugar  forms 
alcohol  from  it. 


IX.  BREAD  MOLD 

The  common  Bread  Mold  may  be  made  use  of  as  a 
typical  example  of  an  important  group  of  Fungi  which  possess 
a  comparatively  large  and  somewhat  differentiated  filamen¬ 
tous  plant  body  as  distinguished  from  the  tiny,  undifferen¬ 
tiated  bodies  of  the  Bacteria  and  the  Yeasts.  The  Bread 
Mold  and  many  other  related  species  are  associated  with 
the  decay  of  numerous  food  products.  The  decay,  just  as 
in  other  Fungi,  results  from  the  action  of  the  secreted  en¬ 
zymes.  These  render  the  otganic  materials,  with  which  they 
come  into  contact,  soluble,  in  which  condition  these  sapro¬ 
phytic  organisms  can  secure  and  utilize  them  as  nourish¬ 
ment.  Here  again  in  the  Molds  the  ubiquity  of  these 
fungus  forms  is  to  be  noted.  As  a  rule  it  is  only  necessary 
to  expose  a  piece  of  bread  to  the  air  for  a  little  while  and 
then  keep  it  moist  in  order  to  secure,  in  a  few  days,  a  plenti¬ 
ful  supply  of  the  plant.  The  spores  of  the  Mold,  present 
in  the  dust  and  air,  fall  on  the  bread,  where  they  very  soon 
develop  into  actively  growing  plants.  The  Bread  Mold  will 
also  grow  readily  on  various  other  substances,  such  as  fruit 
and  vegetables  in  storage. 

A.  Structure  of  the  Bread  Mold 

The  surface  of  the  bread,  or  other  material,  on  which  this 
Mold  is  growing,  becomes  covered  in  a  few  days  with  a  deli¬ 
cate,  white  filamentous  growth.  Examined  microscopically, 
the  Mold  is  found  to  be  composed  of  a  dense  network  of  fine, 
white  filaments.  These  are  known  as  hyphae  (singular 
hypha)  (W.  f.  14).  Three  distinct  types  of  hyphae  may  be 
seen.  There  are,  first,  the  relatively  thick  hyphae  which 

54 


BREAD  MOLD 


55 


run  on  the  surface  and  also  ramify  through  the  substance 
of  the  bread,  and  thus  serve  to  spread  the  organism  through¬ 
out  the  material.  These  are  known  as  the  stoloniferous 
hyphae,  or  simply  stolons.  Attached  to  these,  at  more  or 
less  regular  intervals,  are  two  other  types  of  hyphae :  the 
groups  of  short,  root-like  hyphae  which  penetrate  deeply 
into  the  bread,  and,  finally,  single  erect  hyphae  (sporangio- 
phores)  which  project  up  from  the  surface  of  the  bread. 
The  free  ends  of  the  erect  sporangiophores  enlarge  to  form 
spore-cases,  or  sporangia  (singular  sporangium),  in  which 
the  specialized,  asexual,  reproductive  bodies,  or  spores, 
form.  The  hyphae  are  not  divided  into  cells,  but,  neverthe¬ 
less,  contain  numerous  nuclei. 

B.  Life  Processes  of  the  Bread  Mold 
1.  Nutrition 

The  Bread  Mold  is  a  saprophyte  and,  therefore,  takes  in 
the  necessary  foods  by  diffusion  through  the  cell  wall.  The 
hyphae,  which  are  in  contact  with  the  bread,  secrete  en¬ 
zymes.  These  act  on  the  solid  substance  of  the  bread  and 
change  it  into  a  soluble  material  which  can  pass  through 
the  walls  of  the  plant.  This  absorbed  liquid  food  is  assimi¬ 
lated  by  the  protoplasm  of  the  Bread  Mold,  the  growth  of 
the  plant  results,  and  so  the  infected  piece  of  bread  is  soon 
permeated  with  the  hyphae. 

2.  Reproduction 

Asexual  Reproduction.  Very  shortly  after  the  Bread 
Mold  begins  to  grow  in  a  new  environment,  the  sporangio¬ 
phores,  each  having  a  sporangium  at  its  tip,  begin  to  form. 
In  the  first  stage  of  the  formation  of  a  sporangium  there  is 
just  a  slight  enlargement  to  be  noted  at  the  tip  of  the  hypha. 
This  region  is  plentifully  supplied  with  the  absorbed  food 
material  and,  as  a  result,  it  enlarges  very  rapidly  and  soon 
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forms  a  comparatively  large,  round,  brown  knob,  the  mature 
sporangium  (W.  f.  14,  B,  A). 

The  dark  color  of  the  older  growths  of  Bread  Mold  is  due 
to  the  presence  of  great  numbers  of  tiny,  unicellular  spores 
which  form  inside  the  sporangia.  The  color  of  the  spores 
deepens  as  they  get  older,  so  that  old  cultures  of  Bread  Mold 
are  almost  black.  When  the  spores  are  ripe,  the  walls  of 
the  sporangia  break  open,  and  great  numbers  of  the  enclosed 
spores,  which  are  very  resistant  to  all  sorts  of  unfavorable 
environmental  conditions,  are  set  free.  They  become  widely 
distributed  and  develop  rapidly  into  the  mature  plant  when¬ 
ever  a  suitable  environment  is  found. 

Sexual  Reproduction.  The  Bread  Mold  also  repro¬ 
duces  by  a  primitive  type  of  sexual  reproduction.  This 
method  somewhat  resembles  that  found  in  certain  of  the 
Green  Algae,  a  fact  which  is  regarded  as  evidence  of  a  distant 
relationship  between  these  two  groups  of  plants. 

In  the  sexual  reproduction  of  the  Bread  Mold,  two  of  the 
root-like  hypliae  come  into  contact  near  the  tips  and  fuse. 
A  portion  of  each  hypha,  lying  close  to  the  fused  tips,  becomes 
differentiated  to  form  a  characteristic  structure,  known  as 
a  zygospore,  but  which  is  a  zygote  (W.  p.  455).  The 
zygospore  enlarges,  and  a  rough,  brown  outer  covering  forms. 
When  it  is  mature,  the  remainder  of  the  two  hj^phae  degen¬ 
erate.  In  this  type  of  reproduction  one  of  the  hyphae  may 
be  regarded  as  the  male  element,  and  the  other  as  the  female 
element,  even  though  their  structure  is  the  same.  Experi¬ 
mental  evidence  shows  apparently  that  the  female  strain  is 
more  vigorous  than  the  male. 

C.  Other  Fungi  of  Interest 

Other  Molds.  There  are  many  other  common  species 
of  Molds  which  superficially  resemble  the  Bread  Mold. 
These  include  various  species  of  Penicillium  which  find  a 
suitable  environment  in  many  food  substances,  such  as 
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canned  and  fresh  fruits  and,  frequently,  apples  in  storage. 
The  distinctive  flavor  of  Roquefort  and  Camembert  cheese 
is  due  to  the  action  of  two  species  of  Penicillium.  Aspergil¬ 
lus  is  another  filamentous  Mold,  the  several  species  of  which 
are  very  common,  and  destructive  to  foods  and  other 
materials. 

Pathogenic  Fungi.  The  action  of  Bacteria  in  producing 
various  diseases  in  plants  and  animals  has  already  been  noted. 
There  are  a  great  number  of  other  fungus  forms  which  have 
the  same  faculty.  Such  plant  diseases  as  Potato  Rot,  Downy 
Mildew  of  Grapes,  Brown  Rot  of  various  fruits,  Chestnut 
Blight,  Pine  Tree  Blister,  the  Rusts  and  Smuts  of  various 
cereals  are  all  due  to  fungus  growths.  The  annual  loss  from 
these  diseases  is  appalling.  Also,  there  are  a  number  of 
diseases  both  of  Man  and  other  animals  which  are  known  to 
be  due  to  an  invasion  of  certain  Fungi  other  than 
Bacteria. 

Mushrooms  and  Toadstools.  The  highest  group  of 
the  Fungi,  known  as  the  Basidiomycetes,  includes  the 
Mushroom  and  Toadstools  as  well  as  a  number  of  very  de¬ 
structive  parasitic  forms,  such  as  the  Rusts  and  Smuts,  which 
cause  enormous  damage  to  the  cereal  crops.  Some  10,000 
species  of  Mushrooms  and  Toadstools  are  known ;  some  of 
them  are  edible,  while  many  others  are  very  poisonous.  The 
selection  of  the  edible  species  should  be  left  entirely  to  ex¬ 
perts,  as  there  are  no  structural  features  by  which  they  can 
be  readily  distinguished.  In  these  types  of  Fungi,  the 
mycelium  forms  a  filamentous  growth  in  soil  containing  de¬ 
caying  organic  materials,  and  thus  the  plants  secure  their 
nourishment.  The  portion  of  the  plant  above  ground  is 
known  as  the  sporophore  and  consists  of  a  short  stalk,  or 
stipe,  bearing  an  umbrella-shaped  enlargement,  the  pileus. 
Underneath  the  pileus  are  the  spore-bearing  'gills.’ 

The  Lichens.  The  Lichens  consist  of  some  4000  species 
of  plants  which  are  of  particular  interest,  in  that  the  plant 
body  consists  not  of  a  Fungus  alone,  but  of  a  Fungus  living 
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in  close  symbiotic  relationship  with  an  Alga.  The  various 
Lichens  show  considerable  differences  in  their  appearance, 
but  a  particular  species  is  constant ;  in  other  words,  a  certain 
Lichen  always  consists  of  the  same  Fungus  and  Alga  together 
(W.  f.  179). 


X.  VOLVOX1 


Volvox  is  a  colonial,  fresh-water  organism,  the  body  of 
which  consists  of  a  great  number  of  independent  flagellated, 
cells.  These  cells  are  quite  similar  to  Euglena  in  structure, 
and  like  the  latter  have  the  holophytic  type  of  nutrition. 
The  presence  of  chlorophyll,  just  as  in  Euglena,  makes  the 
exact  classification  of  this  organism  a  doubtful  question. 
It  is  either  placed  in  the  phylum  Protozoa  with  the  other 
flagellated  animals  or  with  the  Algae  as  a  primitive  plant  • 
form. 

Our  main  point  of  interest,  however,  in  connection  with 
Volvox  lies  in  the  fact  that  each  individual  consists  of  a 
great  number  of  cellular  units  bound  together  to  form  a 
colony.  These  body,  or  somatic,  cells  of  Volvox  show  an 
entire  lack  of  specialization  except  for  purposes  of  reproduc¬ 
tion.  In  other  words,  each  one  is  a  balanced  structural 
and  physiological  unit  capable  of  carrying  on  the  necessary 
life  processes  independently  of  the  other  cells  of  the  colony. 

In  the  true  multicellular  organisms,  whether  plant  or 
animal,  there  is  an  ever  increasing  amount  of  cell  speciali¬ 
zation  as  we  ascend  in  the  scale  of  development.  Along 
with  this  has  come  a  division  of  labor  between  the  cells,  so 
that  in  a  typical  Metazoon,  the  cells  have  become  both 
structurally  and  functionally  specialized  to  such  an  ex¬ 
tent  that  they  are  capable  of  performing  only  certain  of  the 
life  processes  which  contribute  to  the  welfare  of  the  organism 
as  a  whole.  Thus,  in  these  higher  forms,  the  functions  of 
nutrition,  movement,  coordination,  and  numerous  others 
are  carried  out  by  certain  groups  of  cells  which  are  differen¬ 
tiated  and  adapted  for  their  own  particular  field. 

1  Woodruff,  pp.  54-60. 
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A.  Structure  of  Volvox 

Volvox  is  large  enough  to  be  seen  with  the  naked  eye.  It 
may  be  described  as  a  small,  green,  hollow  sphere,  the  wall 
of  which  is  composed  of  some  ten  or  twelve  thousand  micro¬ 
scopic,  flagellated,  chlorophyll-bearing  cells,  together  with  a 
transparent,  gelatinous,  intercellular  material,  the  matrix. 
The  latter  is  formed  as  a  common  secretion  and  serves 
as  a  cement  to  hold  the  cells  of  the  colony  together  (W.  f. 
18,  A). 

The  cells  in  a  mature  Volvox  colony  are  of  two  kinds, 
the  somatic,  or  body,  cells  and  the  specialized  reproductive 
,  cells.  There  are  many  more  somatic  than  reproductive  cells. 
Each  somatic  cell  may  be  compared  in  its  general  plan  of 
organization  with  a  single  Euglena,  and  it  carries  on  the  life 
processes  in  the  same  way.  However,  it  should  be  noted 
that  each  Volvox  cell  possesses  two  flagella  instead  of  one,  as 
in  Euglena,  and  also  that  from  each  Volvox  cell  several  pro¬ 
toplasmic  strands  are  given  off  which  run  through  the 
matrix  and  connect  with  similar  strands  from  the  surround¬ 
ing  cells.  Thus  there  is  an  anatomical  and  physiological 
continuity  between  all  the  cells  of  the  colony  (W.  f.  18,  B). 

Each  of  these  bi-flagellated  cells  of  Volvox  is  made  up  of 
ectoplasm  and  endoplasm,  and  contains  a  contractile  vacuole, 
nucleus,  stigma,  and  numerous  chloroplastids.  The  cells 
are  similar  in  structure  to  various  other  kinds  of  indepen¬ 
dent,  flagellated  Protozoa  which  never  form  colonies. 

B.  Life  Processes  of  Volvox 
1.  Metabolic  Activities 

The  previous  study  of  Pleurococcus  (p.  18)  makes  it  un¬ 
necessary  to  describe  in  detail  the  holophytic  nutrition 
of  the  somatic  cells  of  Volvox.  It  should  be  emphasized, 
however,  that  these  somatic  cells  of  Volvox  are  responsible 
not  alone  for  supplying  food  for  their  own  individual  needs, 
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but  also  for  certain  needs  of  the  colony  as  a  whole ;  notably 
the  formation  and  upkeep  of  the  intercellular  matrix  and  the 
nourishment  of  the  reproductive  cells  of  the  colony,  both  of 
which  are  to  be  regarded  as  the  property  of  the  entire  colony. 
On  the  contrary  the  somatic  cells  have  lost  the  power  of 
reproduction,  so  that,  instead  of  being  completely  balanced 
cells,  as  in  Amoeba  or  Euglena,  capable  of  performing  all  of 
the  life  processes,  they  have  become  at  least  temporarily 
specialized  for  the  nutritive  functions  of  the  colony. 

2.  Reproduction 

The  Volvox  colonies  reproduce  either  asexually  or  sexually. 
In  both  cases  the  process  takes  place  by  means  of  specialized 
cells  which  have  become  physiologically  and  structurally 
differentiated  for  the  purpose  of  reproduction.  Such  cells 
lack  flagella  and,  as- will  be  seen,  are  otherwise  structurally 
modified  (W.  f.  18,  B,  rp). 

In  asexual  reproduction,  certain  large  cells  without  flagella 
(parthenogonidia)  begin  to  divide.  The  cells  thus  formed 
remain  attached  to  each  other,  and  very  soon,  as  a  result,  a 
new  colony  is  formed.  During  the  early  stages  of  formation, 
the  new  group  occupies  a  place  in  the  wall  of  the  original 
mother  colony,  but,  as  more  and  more  cells  are  formed, 
it  later  moves  from  the  wall  into  the  central  cavity  of  the 
mother  colony,  where,  together  with  several  other  similar 
groups,  it  continues  to  grow  by  cell  division  until,  finally, 
the  wall  of  the  parent  colony  breaks  down,  thus  permitting 
the  new  asexually  formed  colonies  to  escape  and  to  take  up 
their  independent  existence.  They  have  the  same  structure 
as  the  mother  colony  except  that,  for  a  time,  they  are  not 
composed  of  so  large  a  number  of  cells. 

In  the  sexual  reproduction  of  Volvox  a  considerable  num¬ 
ber  of  large  reproductive  cells,  without  flagella,  are  formed 
among  the  normal  somatic  cells.  These  reproductive  cells 
become  specialized  into  the  male  elements  (sperm)  and  the 


62 


MANUAL  OF  BIOLOGICAL  FORMS 


female  elements  (eggs).  The  sperm  of  Volvox  are  formed 
by  the  division  of  specialized  reproductive  cells.  As  a  result 
a  flat,  plate-like  body,  composed  approximately  of  128 
sperm,  is  formed  from  a  single  male  reproductive  cell.  When 
mature,  these  male  elements  separate  and  escape  into  the 
water.  As  is  typically  the  condition  in  all  organisms,  the 
sperm  of  Volvox  are  free-swimming,  and  thus  they  are  en¬ 
abled  to  come  into  contact  with  the  egg,  which  is  inactive 
(W.  f.  18,  A  $). 

In  the  formation  of  the  eggs,  the  female  reproductive 
cells  enlarge,  but  do  not  divide,  and  so  each  forms  a  large 
cell,  with  which  a  sperm  cell  fuses  permanently,  thus 
bringing  about  a  permanent  union  of  the  nuclear  material 
of  the  two  gametes.  This  is  known  as  fertilization. 
In  Volvox,  the  sexual  reproduction  generally  occurs  in  the 
fall,  and  the  zygotes,  which  are  formed  from  the  fusion  of 
the  male  and  female  elements,  secrete  a  protective  covering 
which  enables  them  to  withstand  the  lower  temperatures 
of  the  winter  season.  In  the  following  spring,  when  the 
water  warms  up,  the  zygote  begins  to  divide  and  soon  de¬ 
velops  into  a  typical  Volvox  colony.  It  appears,  therefore, 
that  the  sexual  method  of  reproduction,  with  the  consequent 
zygote  formation,  enables  the  organism  to  survive  unfavor¬ 
able  environmental  conditions  (W.  f.  115,  B). 


XI.  SPIROGYRA 


Spirogyra  is  a  filamentous  green  plant  which  is  frequently- 
found  floating  on  the  surface  of  stagnant,  fresh-water  ponds, 
and,  therefore,  is  commonly  known  as  a  Pond  Scum.  It 
belongs,  as  do  also  Pleurococcus  and  Sphaerella,  to  the 
Algae,  and  is  one  of  the  simple  multicellular  forms  of  plant 
life.  The  individual  cells  constituting  the  plant  body  of 
Spirogyra  do  not  show  any  differentiation  either  in  structure 
or  function  except  in  reproduction. 

Spirogyra  is  frequently  associated  in  its  habitat  with  a 
number  of  other  closely  related  species  which  have  the  same 
general  structure,  but  which  lack  the  beautiful  long,  spiral 
chloroplastids,  one  or  more  of  which  are  characteristic  of 
the  various  species  of  Spirogyra.  The  simple  type  of  mul¬ 
ticellular  plant  body,  the  remarkable  chloroplastids,  the 
primitive  type  of  reproduction,  together  with  its  wide  dis¬ 
tribution,  make  Spirogyra  one  of  the  forms  most  commonly 
studied  in  biological  courses. 

A.  Structure  of  Spirogyra 

Spirogyra  consists  of  a  number  of  comparatively  long, 
tubular  cells  attached  end  to  end  in  a  linear  series  to  form  a 
fine,  hair-like  filament  (W.  f.  22).  The  cells,  although  at¬ 
tached,  are  independent  units,  each  carrying  on  the  essential 
life  processes.  Each  cell  is  entirely  enclosed  by  a  quite 
rigid,  cellulose  cell  wall  which  is  formed  by  the  cytoplasm 
of  the  cell.  There  are  no  openings  in  the  cell  wall.  It  is, 
however,  permeable  to  certain  substances,  and  all  interchange 
of  gases  and  fluids  between  the  cell  and  its  environment  takes 
place  through  it.  The  cell  wall  is  covered  externally  by  a 
thin  gelatinous  secretion  (W.  f.  22,  a).  The  cytoplasm  forms 
a  rather  thin  layer,  lying  just  below  the  cell  wall.  A  number 
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of  cytoplasmic  strands  are  given  off  from  this  layer,  which 
run  from  one  side  of  the  cell  through  the  large  central  cell 
vacuole  and  attach  to  the  cytoplasmic  layer  on  the  opposite 
side  (W.  f.  22,  b ).  The  nucleus  lies  near  the  center  of  the  cell 
surrounded  by  a  thin  layer  of  cytoplasm  and  suspended  by  the 
cytoplasmic  strands  (W.  f.  22,  c).  The  long,  spiral,  ribbon¬ 
like  chloroplastids  are  also  embedded  in  the  cytoplasm  which 
lines  the  cell  wall.  Each  chloroplastid  contains  a  number 
of  distinct  spherical  bodies,  the  pyrenoids,  which  serve  as 
centers  for  the  formation  and  storage  of  certain  of  the 
food  materials  (W.  f.  22,  d,  e).  The  cell  vacuole,  as  is  gen¬ 
erally  the  case  in  plant  cells,  occupies  a  large  portion  of  the 
cell  and  is  filled  with  a  clear  fluid,  the  cell  sap,  which  con¬ 
tains  various  substances  in  solution*  necessary  for  the  life  of 
the  cell  (W.  f.  22,  /). 

13.  Life  Processes  of  Spirogyra 
1.  Nutrition 

In  the  previous  study  of  the  more  primitive  green  plant, 
Pleurococcus,  the  holophytic  tj'-pe  of  nutrition  was  described. 
Since  this  fundamental  process  is  essentially  the  same  in 
Spirogyra  and,  for  that  matter,  in  the  chlorophyll-bearing 
cells  of  all  green  plants,  it  is  not  necessary  to  consider  it 
again.  However,  attention  should  be  called  to  a  feature  of 
the  chloroplastids  of  Spirogjwa  which  was  not  to  be  observed 
in  those  of  Pleurococcus,  namely,  the  presence  of  specialized 
structures,  the  pyrenoids,  which  are  centers  for  starch  for¬ 
mation  and  storage.  The  sugar  resulting  from  photosjm- 
thetic  action  is  transformed  by  these  bodies  into  starch,  in 
which  condition  it  is  stored  for  later  use. 

2.  Reproduction 

Spirogyra  reproduces  asexually  and  also  by  a  primitive 
sexual  method.  In  the  case  of  asexual  reproduction,  which 
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occurs  with  considerable  frequency  under  suitable  environ¬ 
mental  conditions,  the  cell  divides  transversely  into  two 
cells,  each  of  which  when  first  formed  is  one-half  the  length 
of  a  normal  cell.  The  actual  division  of  the  cell  wall  and 
cytoplasm  is  preceded  by  a  division  of  the  nucleus.  The 
cells  formed  asexually  by  fission  remain  attached  and  soon 
grow  to  normal  size,  thus  increasing  the  length  of  the  fila¬ 
ment. 

In  sexual  reproduction,  the  cytoplasmic  and  nuclear 
constituents  of  a  cell  in  one  filament  fuse  with  those  of  a 
cell  from  another  filament.  The  first  step  in  this  process 
occurs  when  two  filaments  of  Spirogyra  come  to  lie  in  a  paral¬ 
lel  position  and  quite  close  to  each  other.  Projections  then 
begin  to  form  from  the  walls  of  the  apposed  cells.  These 
projections  grow  larger,  and  those  from  one  cell  soon  become 
fused  with  those  of  a  cell  of  the  other  filament ;  the  end  result 
being  the  formation  of  an  open  passageway  between  the  two 
cells.  Similar  passageways  may  be  formed  between  many  of 
the  cells  of  the  two  filaments.  The  protoplasmic  contents, 
or  protoplast,  of  each  of  the  connected  cells  now  breaks 
down,  loses  its  characteristic  structure,  and  the  protoplast 
of  one  cell  moves  out  of  the  cell  wall,  through  the  open  pas¬ 
sageway,  and  into  the  other  cell,  wrhcre  it  fuses  with  the  other 
protoplast  to  form  an  oval-shaped  body,  the  zygote,  which, 
owing  to  a  secreted  protective  covering,  is  able  to  withstand 
unfavorable  environmental  conditions.  In  this  simple  type 
of  sexual  reproduction,  the  active  migratory  protoplast  is 
regarded  as  a  primitive  type  of  male  element,  or  sperm, 
and  the  inactive,  quiescent  protoplast  as  the  female  element, 
or  egg. 


XII.  MOSS1 


We  are  now  ready  to  turn  our  attention  to  a  group  of  green 
plants,  the  Mosses,  which  show  a  considerable  advance  in 
structure  over  those  previously  studied.  The  plants  in¬ 
cluded  in  the  phylum  Bryophyta,  to  which  the  Mosses 
belong,  are  the  simplest  land  plants.  They  are  believed  to 
have  originated  from  the  Algae  and  to  be  the  first  group  of 
plants  to  leave  the  water  and  to  acquire  what  may  be  termed 
the  land  habit.  Along  with  the  new  environment  there 
necessarily  came  various  adaptive  changes  in  their  structure, 
which  enabled  them  to  survive  on  land.  These  structural 
changes  were  mostly  concerned  with  protecting  the  plant  in 
its  new  environment  from  a  too  rapid  evaporation  of  moisture 
and  in  adapting  the  food-making  tissues  to  the  new  con¬ 
ditions.  Leaves,  which  are  essentially  the  specialized  food¬ 
manufacturing  organs,  are  present.  One  feature  of  the 
Mosses,  which  is  of  particular  interest  in  our  present  study, 
is  their  method  of  reproduction.  The  Mosses  exhibit  a  pro¬ 
cess  known  as  alternation  of  generations,  which  means  that 
in  the  life  cycle  there  are  two  generations,  the  sexual  and 
the  asexual,  which  alternate;  the  one  producing  the  other. 
This  process  is  shown  in  some  of  the  higher  Thallophyta.  In 
the  Mosses  it  becomes  firmly  established,  and  in  them  and  in 
the  higher  plants  it  is  of  universal  occurrence,  although 
subject  to  great  variation. 

A.  Structure  of  the  Moss 

Sexual  Generation.  The  sexual  generation,  or  gameto- 
phyte,  of  the  Moss  is  what  is  commonly  recognized  as  the 
Moss  plant.  It  consists  of  a  short  upright  stem,  bearing 

1  Woodruff,  pp.  100-103. 
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haves  and  rhizoids,  which  in  none  of  the  Mosses  grows  to 
more  than  a  few  inches  in  height.  The  rhizoids  are  fine, 
filamentous  structures  which  serve  to  attach  the  stem  of 
the  gametophyte  to  the  substratum,  and  function,  in  general, 
as  do  the  roots  of  higher  plants.  Their  structure  is  different, 
however,  and  they  are  not  regarded  as  true  roots  (W.  f.  53,  a). 

The  gametophyte  produces  the  sexual  organs,  containing 
either  sperm  or  eggs,  at  the  tip  of  the  upright  stem  which 
has  just  been  described.  In  some  species  a  single  plant 
bears  both  male  and  female  organs,  while  in  other  species 
they  are  borne  by  separate  plants  (W.  f.  53,  /,  h).  A  micro¬ 
scopical  examination  of  the  sexual  organs  in  a  Moss  gameto¬ 
phyte  of  the  former  type  shows  that  the  sperm  are  formed 
in  club-shaped,  multicellular  organs,  known  as  antheridia 
(singular  antheridium),  several  of  which  are  generally 
present  on  each  gametophyte.  Each  mature  antheridium 
contains  enormous  numbers  of  the  developing  sperm  (W.  f. 
53,  i).  The  structure  of  a  mature  sperm  cell  is  very  unlike 
that  of  a  cell  from  other  parts  of  the  Moss  plant,  and  consists 
largely  of  nuclear  material.  The  remainder  of  the  sperm 
is  made  up  of  a  small  amount  of  cytoplasm  which  is  drawn 
out  in  the  form  of  a  double,  filamentous,  whip-like  structure. 
The  latter  has  the  power  of  rapid  vibration,  thereby  giving 
the  sperm  cell  the  power  of  locomotion  in  a  liquid  (W.  f. 
53,  j). 

The  egg  cells  are  developed  in  slender,  flask-shaped,  mul¬ 
ticellular  organs,  known  as  archegonia  (singular  arche- 
gonium)  (W.  f.  53,  g ).  One  egg  develops  in  the  enlarged 
basal  portion  (venter)  of  each  archegonium.  The  mature 
eggs  of  the  Moss,  as  well  as  those  of  most  organisms,  retain 
a  typical  cell  structure,  except  that  they  are  somewhat  larger. 
This  is  due  to  a  storage  of  food  material  in  the  cytoplasm. 
The  egg,  unlike  the  sperm,  has  no  power  of  movement,  so 
that,  in  order  for  it  to  develop,  it  is  necessary  that  a  sperm 
cell  reach,  and  permanently  fuse  with,  it,  thus  bringing  about 
fertilization.  In  order  to  reach  the  egg,  the  sperm  must  have 
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moisture.  They  can  then  swim  about  and  find  the  opening 
in  the  tip  of  an  archegonium,  which  leads  directly  to  the  egg 
cell  lying  in  the  venter  below. 

Asexual  Generation.  The  sporophyte  develops  from 
a  fertilized  egg  cell  in  an  archegonium  at  the  tip  of  the  game- 
tophyte,  and  it  remains  permanently  attached  to  the  game- 
tophyte  at  this  point  (W.  f.  53,  k ).  Furthermore,  it  is  depen¬ 
dent  upon  the  gametophyte  for  the  food  materials  necessary 
for  its  development.  When  fertilization  has  occurred,  the 
zygote,  without  changing  position  in  the  archegonium,  begins 
to  divide,  and  as  a  result  many  cells  are  soon  formed,  which 
remain  attached  and  really  constitute  the  immature  sporo¬ 
phyte. 

The  young  sporophyte  continues  to  develop  by  cell  divi¬ 
sion  and  soon  forms  a  small  rod-like  embryo,  one  end  of 
which  grows  down  into  the  tissues  of  the  gametophyte  and 
absorbs  nourishment,  while  the  other  end  projects  farther 
and  farther  in  the  opposite  direction  from  the  tip  of  the  game¬ 
tophyte.  When  the  sporophyte  is  fully  developed,  it  con¬ 
sists  of,  first,  a  part,  the  foot,  which  is  attached  to  the  tissues 
of  the  gametophyte  and  receives  nourishment  from  them, 
and,  second,  a  long,  thin  stalk  which  supports,  at  the  distal 
end,  an  enlarged  portion,  termed  the  capsule  (W.  f.  53,  b). 
A  mature  capsule  contains  great  numbers  of  tiny,  browm 
spores  which  develop  asexually  (W.  f.  53,  c). 

The  spore  capsule  of  the  Moss  is  quite  complicated  in  its 
structure.  There  is  a  lid  (operculum)  at  its  tip,  which  is 
forced  off  at  the  proper  time  by  the  swelling  of  a  special 
ring  of  tissue  (annulus)  .  Lying  below  is  a  circle  of  special- 
ized,  tooth-like  structures,  which  aid  in  scattering  the  spores. 
At  the  base  of  the  capsule  is  a  slightly  enlarged  portion, 
known  as  the  apophysis,  which  is  of  significance  because,  in 
some  forms  of  Mosses,  it  contains  chlorophyll  and  aids  in 
food-making. 

After  being  set  free  from  the  sporangium,  the  spores  are 
scattered,  and  those  which  secure  suitable  places  germinate 
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(W.  f.  53,  d ).  Active  growth  begins,  and  soon  results  in  the 
formation  by  cell  division  of  a  small,  green,  branching,  fila¬ 
mentous  structure,  the  protonema  (W.  f.  53,  e).  This  is 
only  a  temporary  phase  in  the  life  history  of  the  Moss,  and 
soon  buds  appear  on  the  protonema,  which  develop  into  the 
erect,  green,  leafy  gametophytes  with  sexual  organs  at  their 
tips.  This  brings  us  back  to  our  starting  point  in  the  life 
history  of  the  Moss. 

Vegetative  Reproduction  (Asexual)  .  Another  type  of 
asexual  reproduction  may  take  place  in  the  Moss  simply  by 
vegetative  growth,  in  which  case  the  spores  do  not  play  any 
part  in  the  process.  In  fact,  in  some  Mosses  which  are 
found  in  arid  regions  the  formation  of  the  sporophyte  genera¬ 
tion  rarely  occurs.  Presumably  this  is  due  to  the  fact  that 
under  such  conditions  it  is  impossible  for  the  sperm,  adapted 
as  they  are  for  movement  in  a  liquid,  to  fertilize  the  eggs  in 
the  archegonia.  Consequently,  the  spread  of  these  species 
is  entirely  dependent  upon  the  vegetative  growth.  This  may 
take  place  in  a  number  of  ways,  for  example,  by  the  isola¬ 
tion  of  branches  by  the  death  of  the  older  portions  of  the 
plant,  or  by  the  irregular  formation  of  protonemata  on  the 
leaves  and  stems  of  the  gametophyte,  which  later  become 
separated  from  the  parent  stalk  and  develop  into  independent 
gametophytes.  Finally,  asexual  vegetative  reproduction 
occurs  in  some  Mosses  by  the  development  on  the  gameto¬ 
phytes  of  flat  plates  of  cells,  known  as  gemmae.  These  also 
become  detached  from  the  parent  stalk  and,  falling  on  suit¬ 
able  soil,  develop  into  independent  gametophytes. 

B.  Life  Processes  in  the  Moss 

The  independent,  chlorophyll-bearing  gametophyte  of 
the  Moss  manufactures  its  own  food  in  the  same  way  as  do 
all  green  plants.  The  food  manufactured  by  the  leaves  of 
the  gametophyte  is  used  not  only  by  that  generation,  but 
is  also  supplied  to  the  attached  sporophyte,  which,  in  general, 
entirely  lacks  the  power  of  photosynthesis. 
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In  the  higher  plants,  there  are  great  problems  involved  in 
the  transportation  of  various  necessary  materials  to  the  dif¬ 
ferent  regions  of  the  plant,  such  as  from  the  roots  to  the  leaves, 
and  so  a  highly  specialized  vascular  tissue  is  present,  which 
carries  out  this  important  function.  The  Moss,  however, 
is  a  small  plant,  and  a  special  vascular  tissue  is  not 
present. 


C.  Related  Forms  of  Interest 

The  Bryophyta  in  addition  to  the  common  Mosses,  or 
Musci,  include  a  group  of  more  primitive  types,  known  as  the 
Liverworts,  or  Hepaticae,  which  are  generally  regarded  as 
representing  the  transitional  group  between  the  more  simple 
water-living  plants  and  the  higher  land  plants.  A  consider¬ 
able  variation  in  structure  may  be  found  among  the  4000  or 
more  species  belonging  to  the  Liverworts,  but  typically  the 
plant  body  is  a  plate-likc  thalloid  structure  which  grows  in 
places  where  moisture  is  very  abundant  (W.  p.  413^414). 

Included  among  the  True  Mosses,  or  Bryales,  are  the 
more  primitive  Sphagnales  which  are  adapted  for  habitats 
possessing  a  plentiful  supply  of  moisture,  such  as  a  shallow 
pond  or  lake.  In  such  a  place  they  grow  in  great  abundance 
and  in  time  build  up  the  peat  bogs.  The  material  from 
bogs  of  this  type  is  utilized  as  fuel,  particularly  in  Ireland. 
The  Sphagnum  Moss  has  considerable  absorptive  and  an¬ 
tiseptic  properties  and  is  used  to  some  extent  in  surgical 
dressings.  It  is  also  valuable  for  use  as  a  packing  material. 


XIII.  FERN1 


The  Ferns  are  an  abundant  and  highly  organized  type  of 
plant.  They  belong  to  the  phylum  Pteridophyta,  which 
also  includes  less  well-known  forms  of  plants,  such  as  the 
Horsetails  and  Lycopods.  It  is  evident,  from  the  fossil 
specimens  which  have  been  obtained,  that  the  plants  belong¬ 
ing  to  this  phylum  were  larger  and  far  more  abundant  in 
past  geologic  ages  than  at  the  present  time  (W.  pp.  356-359). 

The  various  tissues  of  the  Ferns  are  more  highly  differen- 
tiated,  and  altogether  they  show  a  considerable  advance  in 
structure  as  compared  with  the  Mosses.  This  fact  is  shown 
to  particular  advantage  in  the  well-developed  vascular 
tissue  of  the  Ferns.  It  is  by  means  of  this  tissue  that 
the  Ferns  are  able  to  transport  the  simple  food  materials 
to  the  leaves  and  the  manufactured  food  to  all  parts 
of  the  plant.  The  development  of  a  high  type  of  vascular 
tissue  in  the  Ferns  is  believed  to  have  been  an  important 
factor  in  their  development  in  that  it  enables  them  to  grow 
to  a  much  larger  size  than  is  possible  in  the  Mosses.  The 
Ferns  and  Flowering  Plants  are  grouped  together  by  some 
authorities  as  the  Vascular  Plants,  thus  separating  them  from 
the  Thallophytes  and  the  Mosses,  which  are  Non-Vascular 
Plants.  The  plant  body  of  the  Fern  shows  a  marked  advance, 
in  that  roots,  as  well  as  stem  and  leaves,  are  present. 

The  phenomenon  of  alternation  of  generations  in  the  Ferns 
is  of  universal  occurrence.  This  process,  in  the  common 
Fern,  in  which  a  great  development  of  the  sporophyte 
generation  and  a  corresponding  degeneration  of  the  gameto- 
phyte  generation  is  present,  is  quite  different  from  that  in 
the  Mosses  and  is  the  forerunner  of  even  greater  changes  in  the 
1  Woodruff,  pp.  103-106. 
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same  direction,  which  are  found  in  the  Flowering  Plants. 
The  sporophyte  of  the  Fern  is  no  longer  a  dependent,  para¬ 
sitic  structure  as  in  the  Mosses,  but  is  a  high  type  of  inde¬ 
pendent  plant.  (W.  f.  55) 

A.  Structure  of  the  Fern 

Asexual  Generation.  The  asexual,  sporophyte  genera¬ 
tion  of  the  Fern  is  the  one  commonly  recognized  as  the 
Fern  plant,  and  in  a  number  of  species  of  Ferns  this  genera¬ 
tion  is  cf  considerable  size.  It  consists  of  the  leaves,  or 
fronds,  as  the  leaves  of  the  Ferns  are  sometimes  called, 
which  are  above  ground,  and  the  underground  stem,  or  rhi¬ 
zome,  to  which  the  roots  and  leaves  are  attached.  The  leaves, 
therefore,  constitute  what  may  be  termed  the  aerial  por¬ 
tion,  and  the  stem  and  roots,  the  underground  portion  (W. 
f.  54,  a). 

A  leaf  consists  of  the  supporting  stalk,  or  petiole,  which 
also  attaches  it  to  the  rhizome,  and  a  blade  which  is  special¬ 
ized  for  photosynthetic  food  manufacture.  The  blade  is 
subdivided  into  many  smaller  portions,  known  as  pinnae. 
In  some  species  of  Ferns  the  pinnae  are  further  subdivided 
into  leaflets,  or  pinnules. 

The  rhizome  of  a  Fern  consists  of  a  number  of  differentiated 
tissues  which  are  comparable  in  structure  to  those  found  in 
the  stem  of  the  Flowering  Plants.  There  is,  first,  an  outer 
protective  layer  of  epidermal  cells.  Lying  just  within  the 
epidermis  is  the  region  of  the  cortex,  consisting  of  several 
layers  of  cells  modified  for  support  and  storage.  The  spe¬ 
cialized  vascular  tissue,  which  functions  for  the  transpor¬ 
tation  of  soluble  materials,  lies  near  the  center  of  the  stem 
in  the  form  of  vascular  bundles.  In  the  central  area  of  the 
rhizome  is  an  undifferentiated  tissue,  known  as  the  pith, 
which  serves  largely  as  a  storage  tissue. 

The  roots  of  the  Fern  are  like  those  found  in  the  highest 
types  of  plants,  and  quite  unlike  the  simple  rhizoids  of  the 
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M  oss.  Their  general  plan  of  structure  is  much  the  same  as 
in  the  stem.  The  outer  epidermal  cells,  near  the  tips  of 
the  roots,  are  specialized  for  absorption,  and  many  of  them 
develop  tiny,  hair-like  projections,  known  as  root  hairs. 
It  is  through  the  latter  that  water,  containing  simple  food 
materials  in  solution,  is  absorbed  from  the  soil,  taken  into 
the  roots,  and  then  later  conveyed  by  the  vascular  tissue 
through  the  stem  to  the  leaves.  The  microscopical  structure 
of  the  Fern  is  not  essentially  different  from  that  of  the 
Flowering  Plants,  and,  consequently,  a  histological  study  of 
these  plant  tissues  may  be  left  until  that  higher  group  of 
plants  is  considered. 

Turning  now  to  a  consideration  of  the  relations  shown  by 
the  sporophyte  of  the  common  Fern  to  the  process  of  alter¬ 
nation  of  generations,  it  will  be  found  that  two  types  of  leaves 
are  present,  first,  the  sterile,  or  foliage,  leaves,  and  second, 
the  fertile  leaves,  or  sporopiiylls,  which  bear  spores  on 
the  under  surface  (W.  f.  54,  6).  The  spores  are  formed  in 
characteristic,  brownish-colored  bodies,  known  as  sori 
(singular  sorus).  Each  sorus  is  partially  covered  by  an  out¬ 
growth,  the  indusium  (plural  indusia),  which  develops 
from  the  epidermal  cells.  Each  sorus  contains  a  consider¬ 
able  number  of  sporangia  which  are  filled  with  tiny,  brown 
spores  (W.  f.  54,  c).  Each  sporangium  consists  of  a  stalk, 
or  pedicel,  by  which  it  is  attached  to  the  leaf,  and  an  en¬ 
larged  capsule  containing  the  spores  ( W.  f .  54,  d,  e) .  On  one 
side  of  the  capsule  is  a  specialized  ring  of  heavy  tissue,  the 
annulus,  which,  when  the  spores  are  ripe,  contracts  and 
opens  the  capsule  so  that  they  can  escape.  Those  which  find 
a  suitable  environment  germinate  and  form  the  sexual,  or 
gametophyte,  generation  of  the  Fern. 

Sexual  Generation.  The  gametophyte  generation  of 
the  Fern  is  a  tiny,  green,  heart-shaped,  leaf-like  structure, 
known  as  the  prothallus  (W.  f.  54,  /).  This  term  is  used 
to  designate  it  because  it  really  resembles  a  Thallophyte 
type  of  plant  in  its  structure,  in  that  it  has  no  differentia- 


74 


MANUAL  OF  BIOLOGICAL  FORMS 


tion  into  the  stem,  leaves,  or  roots.  The  prothallus  usually 
grows  on  the  surface  of  the  soil  near  the  sporophyte,  and  as 
it  is  very  small  it  is  commonly  not  observed  except  by  those 
to  whom  the  life  history  of  the  Fern  is  known.  On  the  under 
surface  of  the  prothallus,  which  lies  on  the  surface  of  the 
ground,  numerous  tiny  rhizoids  are  found.  The  body  of 
the  leaf-like  prothallus,  when  examined  microscopically,  will 
be  found  to  consist  of  a  mosaic  of  typical,  chlorophyll-bear¬ 
ing  cells.  They  vary  somewhat  in  shape,  but  otherwise  there 
is  practically  no  differentiation  except  in  those  cells  which 
form  the  sexual  reproductive  organs. 

The  reproductive  organs  of  the  prothallus  are  formed  on 
the  under  surface,  and  they  are  similar  in  structure  to  the 
sexual  organs  already  observed  in  the  gametophyte  of  the 
Moss.  The  antheridia,  in  which  the  sperm  develop,  are 
spherical  bodies  distributed  among  the  rhizoids  (W.  f.  54,  h). 
The  eggs  are  formed  in  archegonia,  which  are  larger  and  more 
elongated  than  the  antheridia  (W.  f.  54,  j).  The  archegonia 
are  located  in  a  somewhat  different  region  of  the  prothallus 
near  an  indentation,  or  notch,  at  one  end  (W.  f.  54,  /,  g ). 

The  sperm,  when  set  free  from  the  antheridia,  are  attracted 
to  the  egg  cells  in  the  archegonia,  and  as  they  are  adapted 
for  swimming,  moisture  must  be  present  in  order  for  them  to 
reach  and  fuse  with  the  eggs.  Since  they  are  borne  on  the 
under  surface  of  the  prothallus,  which  lies  in  contact  with 
the  soil,  there  is  generally  enough  moisture  present  so  that 
movements  of  the  sperm  can  take  place  (W.  f.  54,  i). 

When  an  egg  in  an  archegonium  has  been  fertilized  by  a 
sperm,  the  zygote  begins  to  divide,  and  thus  a  young  sporo¬ 
phyte  is  soon  formed.  The  latter  remains  temporarily 
attached  to  the  prothallus  at  the  point  where  the  egg  lay  in 
the  archegonium.  As  the  sporophyte  enlarges  and  becomes 
able  to  nourish  itself,  the  gametophyte  degenerates  and  soon 
disappears  (W.  f.  54,  k). 
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B.  Life  Processes  of  the  Fern 

The  study  of  the  structure  of  the  sporophyte  and  game- 
tophyte  generations  of  the  Fern  reveals  the  fact  that  chloro¬ 
phyll  is  present  in  both  of  them.  They  are,  therefore,  able 
to  manufacture  their  own  foodstuffs.  The  process  of  food 
manufacture  in  the  leaves  of  the  Fern  and  higher  plants 
depends  not  only  upon  the  presence  of  chlorophyll,  but  also 
upon  the  transportation  of  the  raw  materials,  which  have 
been  taken  in  through  the  roots  and  then  conveyed  to  the 
leaves.  It  is  also  necessary  to  transport  the  manufactured 
food  materials  from  the  leaves  to  various  regions  of  the  plant, 
where  they  can  be  utilized  in  repair,  in  growth,  or,  finally,  in 
storing  for  future  use.  The  further  consideration  of  these 
and  other  physiological  features  may  be  deferred  until  a 
study  of  the  Flowering  Plants  is  undertaken. 


XIV.  FLOWERING  PLANTS1 


The  fourth  and  final  phylum  of  plants  is  known  as  the 
Spermatophyta,  a  term  which  indicates  that  they  are  Seed 
Plants.  They  are  more  commonly  known  as  the  Flowering 
Plants.  The  Spermatophyta  are  divided  into  two  main  di¬ 
visions,  known  as  the  Gymnospermae  and  the  Angiosper- 
mae,  of  which  the  former  division  is  the  more  primitive. 
The  term  gymnosperm  refers  to  the  fact  that  the  seeds, 
which  are  formed  by  the  plants  belonging  to  this  group,  are 
not  enclosed  by  other  plant  tissues.  The  group  is  not  a  very 
large  one,  comprising  only  about  six  hundred  species.  It 
includes  the  common  evergreen,  cone-bearing  trees,  such  as 
the  Spruces,  Pines,  and  Cedars  (W.  p.  414). 

The  Angiosperms  are  a  very  large  group  of  plants,  com¬ 
prising  more  than  135,000  different  species,  among  which 
are  included  the  great  majority  of  the  more  common  plants, 
both  large  and  small.  The  term  angiosperm  refers  to  the 
fact  that  the  seeds,  which  are  formed  by  the  plants  belong¬ 
ing  to  this  group,  are  enclosed  b}^  other  plant  tissues.  The 
Angiospermae  are  further  divided  into  two  groups,  known 
as  the  Monocotyledoneae  and  the  Dicotyledoneae. 
This  division  is  on  the  basis  of  the  number  of  ‘seed  leaves/ 
or  cotyledons,  which  the  embryo  plant  possesses,  but  there 
are  various  other  structural  differences.  In  the  Mono¬ 
cotyledons,  as  the  name  indicates,  the  embryo  has  only 
one  cotyledon.  This  group  comprises  some  25,000  species 
of  plants,  and  for  the  most  part  they  are  small,  grass¬ 
like,  herbaceous  forms  such  as  the  Grasses,  and  cereal  plants 
like  Corn,  Wheat,  Oats,  etc.  The  tropical  Palms  are  tree¬ 
like  forms  belonging  to  this  group. 

1  Woodruff,  pp.  61-90,  107-114. 
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In  the  Dicotyledons  the  embryo  possesses  two  cotyledons. 
The  structure  of  this  group  of  plants  is  more  advanced  than 
that  of  any  other,  and  a  number  of  points  of  difference  be¬ 
tween  them  and  the  Monocotyledons  may  be  noted.  There 
are  more  than  110,000  different  species  of  plants  belonging 
to  the  Dicotyledons.  These  are  commonly  divided  into 
some  thirty-two  different  smaller  groups,  or  orders,  included 
in  which  are  the  great  majority  of  familiar  plants. 

In  considering  the  Spermatophytes,  emphasis  should  be 
laid  not  only  on  the  fact  that  they  form  seeds,  but  also  upon 
the  fact  that  they  are  composed  of  a  number  of  very  highly 
differentiated  tissues.  Beginning  with  a  low  type  of  Thallo- 
phyte  plant,  such  as  Spirogyra,  in  which  the  cells  are  all 
alike,  there  is  a  gradual  development  of  the  cell-groups,  in 
the  higher  plants,  to  form  tissues  which  are  adapted  for  some 
particular  function.  This  development  in  plants  reaches  the 
final  stage  in  the  Spermatophytes,  in  which  groups  of  cells 
have  become  structurally  modified,  and  form  various  types 
of  specialized  plant  tissues  each  of  which  has  a  particular 
function  to  perform,  such  as  protection,  transportation, 
absorption,  food  manufacture,  reproduction,  etc.  This 
process  of  cell  differentiation  and  the  formation  of  specialized 
tissues  adapted  for  certain  functions  is  also  present  in  animal 
forms,  where  it  is  shown  to  even  greater  advantage  than  in 
plants.  In  the  later  study  of  the  higher  types  of  animals 
great  emphasis  will  be  laid  upon  this  phase  of  living  organi¬ 
zation,  for  it  is  really  the  key  to  an  understanding  of  the 
architecture  of  all  the  higher  forms  of  life  (W.  pp.  59-60, 
115-117). 

The  phenomenon  of  alternation  of  generations,  which  has 
been  studied  in  the  Moss  and  in  the  Fern,  is,  as  has  been 
stated,  present  in  the  Flowering  Plants.  There  has  been  a 
continued  increase  in  the  development  of  the  sporophyte 
generation.  There  has  been,  also,  a  continued  degeneration 
of  the  gametophyte  generation  with  the  result  that,  in  the 
Spermatophytes,  it  has  become  reduced  to  a  highly  special- 


78 


MANUAL  OF  BIOLOGICAL  FORMS 


ized,  parasitic  structure  of  microscopic  size,  which  is  entirely 
unknown  except  to  those  who  have  studied  the  life-history 
of  the  Flowering  Plants  and  understand  its  significance.  The 
relative  importance  of  the  sporophyte  and  gametophyte  is 
precisely  the  reverse  of  what  it  was  found  to  be  in  the 
Moss.  (W.  f.  55.) 

A.  Seed 

The  ability  of  the  Spermatophytes  to  form  seeds  is  be¬ 
lieved  to  have  been  one  of  the  most  important  factors  in 
bringing  about  the  present  success  and  dominating  position 
of  this  group  of  plants.  The  seed  may  be  defined  as  an  em¬ 
bryonic  sporophyte  plant,  in  a  resting  condition,  with  a 
certain  amount  of  food  material  stored  in  or  around  it. 
The  protective  structures  of  the  seed  are  such  that  the  em¬ 
bryo  can  withstand  unfavorable  environmental  conditions 
of  various  kinds.  Many  seeds  are  also  adapted  so  that  they 
can  be  scattered  by  various  agencies  and  thereby  cause  a 
wide  distribution  of  the  plant. 

The  seeds  of  the  various  Spermatophytes  exhibit  an  almost 
endless  variety  of  types.  They  may  be  large,  such  as  the 
Cocoanut,  which  is  the  seed  of  a  species  of  Palm  tree.  On 
the  other  hand,  they  may  be  as  small  as  dust  particles  and 
require  a  microscopic  examination  to  reveal  their  identity. 
Seeds  may  be  of  almost  any  shape,  color,  or  texture.  How¬ 
ever,  they  all  play  the  same  part  in  the  life  of  the  plant ; 
they  are  dormant  young  sporophytes  awaiting  favorable 
environmental  conditions  in  order  that  the  inactive  embryo 
may  begin  to  grow  and  form  an  independent,  mature  sporo¬ 
phyte  (W.  pp.  110-111). 

Seeds  fall  within  two  general  classes,  depending  upon 
whether  the  food  material  present  is  stored  in  the  cotyledons 
of  the  embryo  (ex-albuminous)  or  outside  the  embryo  (al¬ 
buminous)  as  endosperm.  The  ex-albuminous,  or  ‘Bean 
type,’  of  seeds  include  those  of  such  common  plants  as  the 
Bean,  Pumpkin,  and  Melon.  The  albuminous  seeds  are 
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found  among  both  the  Dicotyledons  and  Monocotyledons. 
The  dicotyledonous  albuminous  seeds  may  be  designated 
as  the  ‘Buckwheat  type/  and  include  the  seeds  of  such 
plants  as  Buckwheat,  Tomato,  Tobacco,  Coffee,  Flax,  and 
Castor  Bean.  Finally,  the  albuminous  type  of  seed  occurs 
in  most  of  the  Monocotyledons,  and  here  belong  the  seeds  of 
the  ‘Grass  type/  including  those  of  such  plants  as  Grass, 
Corn,  Wheat,  Rice,  Oats,  and  Barley.  Technically,  many 
of  this  last  type  are  really  fruits  (p.  97),  in  that  they  are 
enclosed  in  some  of  the  tissue  of  the  parent  plant. 

In  all  types  of  seeds  certain  general  structural  features 
are  present.  There  is  an  external  protective  covering,  the 
seed  coat,  which  is  generally  of  a  tough  and  resistant  nat¬ 
ure.  This  seed  coat  encloses  the  embryo  and  the  stored 
food  material  (W.  f.  62). 

The  Bean  Seed.  The  structure  of  a  typical  dicotyle¬ 
donous  seed  of  the  ex-albuminous  type,  such  as  that  of  the 
Bean,  may  now  be  considered.  The  seed  coat  forms  a  hard, 
glossy,  resistant,  outer  covering  which  protects  the  embryo 
of  the  seed  from  drying  and  from  mechanical  injuries.  The 
attachment  of  the  seed  to  the  parent  plant  during  its  devel¬ 
opment  is  indicated  by  a  prominent  scar,  the  hilum,  which 
may  be  noted  on  one  edge  of  the  seed.  A  seed  which  has 
been  soaked  in  water  for  a  while  becomes  somewhat  swollen 
and  softened,  with  the  result  that  the  seed  coat  can  then  be 
quite  easily  removed.  The  removal  of  the  outer  covering 
exposes  the  two  large  cotyledons  of  the  embryo,  which  con¬ 
tain  a  considerable  amount  of  food  material  and,  in  fact, 
constitute  the  great  bulk  of  the  Bean  seed.  Lying  partially 
between  and  partially  above  the  cotyledons  is  the  small, 
unjointed  stem-like  body,  or  hypocotyl,  of  the  embryo,  to 
one  end  of  which  the  two  cotyledons  are  attached.  One 
end  of  the  embryo  bears  two  tiny  folded  leaves,  the  plu¬ 
mule.  From  this  region  the  stem  and  leaves  develop. 
The  opposite  end  of  the  embryo,  the  radicle,  is  somewhat 
pointed,  and  develops  into  the  root  system.  (W.  f.  27.) 
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The  Corn  Seed.  The  structure  of  a  monocotyledonous 
seed  of  the  albuminous  type  may  be  studied  in  a  kernel  of 
Corn.  On  the  outside  is  a  protective  coat.  However,  this 
outer  covering  of  the  Corn  seed,  known  as  the  pericarp,  is 
of  a  different  nature  from  that  of  the  Bean.  It  is  formed 
from  a  hardened  portion  of  the  wall  of  the  ovule  case  in  the 
parent  plant,  in  which  the  seed  was  formed.  The  pericarp 
encloses  the  true  seed  coat  of  the  Corn  so  closely  that  they 
cannot  be  separated. 

The  embryonic  region  of  the  Corn  seed  can  be  noted  as  a 
whitish  area  on  one  side,  near  the  small  end.  The  internal 
arrangement  can  best  be  observed  by  cutting  the  seed  in 
halves  in  a  longitudinal  plane.  An  examination  of  one  of 
the  cut  surfaces  shows  that  the  body  of  the  seed  is  divided 
into  two  main  regions ;  namely,  the  stored  food  material, 
or  endosperm,  and  the  embryo.  The  endosperm  occupies 
the  larger  portion  of  the  seed.  It  is  divided  into  an  outer 
portion,  the  hard  endosperm,  and  an  inner  portion,  the  soft 
endosperm,  which  lies  in  contact  with  the  embryo.  Chemi¬ 
cally,  the  endosperm  is  largely  starch.  The  hard  endosperm 
also  contains,  however,  a  considerable  proportion  of  protein 
material  in  addition  to  the  starch. 

The  embiyo  of  the  Corn  seed  lies  to  one  side  of  the 
endosperm.  It  is  essentially  similar  in  structure  to  that  of 
the  Bean.  There  is  a  short,  rod-like  embryo  differentiated 
at  one  end  into  the  plumule,  which  is  enclosed  in  a  special¬ 
ized  sheath,  the  coleoptile,  and  at  the  other  end  into  the 
radicle  from  which  develops  the  first  root.  Attached  to 
the  body  of  the  embryo  and  lying  in  contact  with  the  soft 
endosperm  is  an  atypical  cotyledon,  known  as  the  sctjtel- 
lum',  which  functions  in  the  absorption  of  the  endosperm, 
thus  enabling  the  embryo  to  utilize  this  stored  food  ma¬ 
terial  for  growth. 

The  Germination  of  Seeds.  With  the  general  structure 
of  the  two  types  of  seeds  in  mind,  our  next  interest  lies  in  the 
question  of  their  development  into  an  actively  growing,  in- 
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dependent  plant.  This  occurs  as  the  result  of  the  process 
of  germination.  There  are  three  essential  things  to  be  sup¬ 
plied  to  a  seed  before  the  latter  can  take  place ;  namely, 
heat,  moisture,  and  oxygen.  And,  of  course,  it  is  also  neces¬ 
sary  that  the  embryo  be  alive  if  germination  is  to  take 
place.  The  length  of  time  during  which  seeds  will  retain 
their  vitality  varies  enormously  in  different  plants.  A  few 
are  known,  like  the  Elm  seed,  which  must  germinate  the 
same  summer.  Typically,  however,  seeds  require  a  resting 
period  over  the  winter,  and  then  germinate  the  following 
spring  if  the  proper  conditions  are  supplied.  Authentic 
cases  are  known  where  seeds  nearly  a  century  old  have  ger¬ 
minated,  but  there  is  no  scientific  confirmation  of  the  state¬ 
ment  that  seeds  present  in  mummy  cases  retain  their  power 
of  germination. 

Given  the  proper  conditions,  the  viable  seed  will  absorb 
a  considerable  amount  of  water,  and,  as  a  result,  the  embry¬ 
onic  tissues  are  then  able  to  secrete  certain  enzymes.  These 
act  on  the  stored  food  materials  and  render  them  soluble 
so  that  they  can  be  utilized  by  the  developing  tissues.  Ac¬ 
tive  metabolic  processes  begin,  with  the  result  that  the  dor¬ 
mant  embryo  becomes  an  actively  growing  plant.  The 
result  of  these  processes  is,  first,  a  rupturing  of  the  seed 
coats  from  the  swelling ;  second,  the  growth  of  the  root  tis¬ 
sues  down  into  the  soil ;  and,  finally,  the  growth  and  dif¬ 
ferentiation  of  the  shoot  tissues,  consisting  of  the  stem  and 
leaves,  from  the  region  of  the  plumule.  The  latter  grow  in 
an  opposite  direction  from  the  root  tissues  and  soon  break 
through  the  soil,  thus  exposing  themselves  to  the  air  and 
sunlight  so  that  photosynthesis  can  begin.  Germination 
is  now  finished  and,  as  a  result,  the  embryo  has  developed 
into  an  independent,  sporophyte  plant  with  a  root  system 
underground  and  a  shoot  system  above  ground.  An  im¬ 
mature  -plant  at  this  stage  is  known  as  a  seedling,  and  its 
structure  may  now  be  considered. 
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B.  Seedling 

Bean  Seedling.  The  structure  of  the  Bean  seedling  is 
essentially  that  of  almost  any  dicotyledonous  seedling.  The 
root  of  the  seedling  develops  first  as  the  result  of  the  con¬ 
tinued  cell  division  of  the  embryonic  tissue  in  the  radicle 
(W.  f.  27,  a).  A  large  central  root  is  first  formed,  and  this 
remains  as  the  permanent  basis  of  the  entire  ramifying  root 
system  which  develops  later.  After  the  young  plant  is 
firmly  anchored  by  the  root,  the  real  development  of  the 
shoot  begins.  There  is  a  great  elongation  of  the  hjrpocotyl, 
and,  in  the  Bean,  the  cotyledons  are  lifted  entirely  above 
ground  (W.  f.  27,  b).  The  portion  of  the  stem,  with  its  leaves, 
which  is  above  the  cotyledons  has  all  been  formed  as  a  result 
of  the  growth,  by  cell  division,  of  the  active  embryonic 
tissues  of  the  plumule.  The  first  leaves  to  develop  from  the 
plumule  are  the  two  tiny  ones  which  are  to  be  seen  folded 
together  in  the  seed.  The  stem  of  the  seedling  as  it  devel¬ 
ops  is  differentiated  into  two  regions,  known  as  the  nodes 
and  internodes.  The  nodes  are  the  places  on  the  stem 
from  which  the  leaves  and  branches  arise,  and  the  inter¬ 
nodes  are  the  portions  of  the  stem  between  the  nodes. 

Corn  Seedling.  There  are  certain  differences  to  be 
noted  between  the  Corn  seedling  and  that  of  the  Bean.  In 
the  first  place,  the  endosperm  of  the  Corn,  which  forms  the 
bulk  of  the  seed,  remains  below  ground.  In  the  Bean,  this 
material,  since  it  is  within  the  cotyledons,  is  brought  above 
ground  by  the  elongation  of  the  embryo.  Also  in  the  Corn 
seedling,  the  first,  or  primary,  root  which  is  developed  by 
the  embryo  serves  only  as  a  temporary  root.  The  perma¬ 
nent  root  system  develops  later  from  stem  tissue.  The  plu¬ 
mule  develops,  as  in  the  Bean,  to  form  the  shoot  system,  the 
stem  of  which  is  differentiated  into  nodes  and  internodes. 

The  body  of  the  mature  sporophyte  plant  which  gradually 
develops  from  the  seedling  consists  of  a  number  of  highly 
specialized  tissues.  All  of  these  have  arisen  from  three 
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fundamental  tissues,  known  as  epidermis,  cortex,  and  stele. 
These  tissues  may  be  thought  of  as  being  arranged  in  the 
form  of  cylinders.  The  outer  cylinder  is  composed  of  the 
epidermal  tissues,  and  it  forms  a  protective  covering  over 
the  entire  plant.  Lying  within  the  epidermis  is  the  middle 
cylinder  composed  of  the  cortical  tissues.  Finally,  in  the 
center  of  the  plant  are  the  tissues  which  constitute  the  cen¬ 
tral  cylinder,  or  stele.  The  epidermis,  cortex,  and  stele, 
although  they  are  subject  to  considerable  variation  in  the 
root,  stem,  and  leaves  of  a  plant,  are  continuous  throughout 
its  entire  length.  It  will  be  advantageous  now  to  consider 
specifically  thp  structure  and  functions  of  these  highly  de¬ 
veloped  organs  of  the  Spermatophytes  (W.  pp.  75-78). 

C.  Root  1 

The  roots  of  a  plant  have  two  chief  functions ;  namely, 
the  absorption  of  water  with  various  substances  in  solution 
from  the  soil,  and  firmly  anchoring  the  plant  to  the  soil. 
The  root  tissues  are,  in  some  cases,  also  adapted  for  the 
storage  of  food  (W.  f.  26). 

The  external  structure  of  a  typical  root  can  be  seen  to  ad¬ 
vantage  in  a  Radish  seedling.  It  consists  of  the  following 
regions :  (1)  At  the  extreme  tip  of  the  root  is  the  root  cap 
(W.  f.  43,  a)  composed  of  an  irregular  mass  of  cells  which 
form  a  protection  for  (2)  the  growing  point  which  lies  just 
above  the  root  cap.  The  growing  point  of  a  root  consists 
of  actively  dividing,  undifferentiated,  embryonic  cells.  These 
cells  are  the  same  type  as  those  found  in  the  tips  of  the  stem 
and  constitute  the  meristem  tissue  (W.  f.  43,  c).  Some  of 
the  embryonic  cells  formed  in  the  growing  point  are  supplied 
to  the  root  cap  to  replace  those  torn  away  by  pushing  through 
the  soil,  but  most  of  them  are  laid  down  as  new  root  tissue 
above  the  growing  point,  where  they  soon  become  differ¬ 
entiated  to  form  either  epidermis,  cortex,  or  stele.  Thus  as 


1  Woodruff,  pp.  65-69,  78-80. 
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these  cells  grow  to  full  size,  the  root  is  elongated,  and  the 
growing  point,  preceded  by  the  root  cap,  is  pushed  farther 
and  farther  into  the  soil  and  away  from  the  main  body  of 
the  plant  (W.  f.  43,  d,  d').  (3)  A  certain  distance  above 

the  growing  point  is  the  region  of  the  root  hairs  which 
are  the  specific  absorptive  structures  of  the  plant.  They 
occur  in  such  profusion  that  the  root  in  this  region  is  en¬ 
closed  in  a  white,  felt-like  mass.  Each  root  hair,  as  is  noted 
below,  develops  as  a  tubular,  filamentous  projection  of  a 
specialized  epidermal  cell.  (4)  Above  the  root,  hair  zone  the 
root  loses  its  distinctive  features  and  merges  into  the  stem. 

The  microscopic  study  of  a  section  of  root,  ip  the  root  hair 
zone,  shows  that  each  root  hair  is  a  definite  prolongation  of 
an  epidermal  cell  (W.  f.  44).  A  root  hair  may  be  described 
as  a  comparatively  long,  filamentous  tube,  projecting  from 
one  side  of  a  cell.  The  epidermal  cells,  from  which  the  root 
hairs  develop,  are  typical  in  shape  when  first  formed,  but, 
later  on,  from  the  free  surface  of  each  cell,  which  lies  in  con¬ 
tact  with  the  soil,  a  tiny  projection  grows  out  and  gradually 
enlarges  to  form  the  root  hair.  The  fully-formed  root  hair 
consists  of  an  outer  cellulose  layer,  which  is  continuous  with 
the  rest  of  the  cell  wall.  Completely  lining  the  cell  wall,  just 
as  in  a  typical  plant  cell,  is  a  layer  of  cytoplasm  (W.  f.  44,  b). 
The  latter  surrounds  a  central  vacuole  which  is  continuous 
throughout  the  root  hair  and  the  body  of  the  cell  (W.  f.  44, 
a).  The  cell  nucleus  lies  near  the  tip  of  the  root  hair,  em¬ 
bedded  in  the  layer  of  cytoplasm  (W.  f.  44,  d).  The  soil 
water  and  solutes  pass  through  the  cell  wall  and  cytoplasm 
and  into  the  cell  vacuole,  from  whence  it  is  passed  on  to  the 
vascular  tissue  of  the  root. 

D.  Stem  1 

The  stem  has  two  main  functions.  In  the  first  place  it 
supports  the  leaves  so  that  they  can  be  fully  exposed  to  the 
sunlight  for  photosynthesis,  and,  in  the  second  place,  certain 
1  Woodruff,  pp.  69-70,  81. 
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stem  tissues  function  in  the  transportation  of  raw  materials 
from  the  roots  to  the  leaves,  and,  also,  of  the  manufactured 
food  materials  from  the  leaves  to  other  various  parts  of  the 
plant.  The  stem  may  also  aid  in  the  formation  and  storage 
of  food  materials. 

There  are  several  ways  in  which  plant  stems  can  be  classi¬ 
fied.  In  the  first  place  they  are  either  dicotyledonous  or 
monocotyledonous,  or  they  may  be  classified  according  to 
their  length  of  life  as  annuals,  biennials,  or  perennials. 
An  annual  plant,  such  as  the  Bean  or  the  Corn,  dies  at  the 
end  of  one  growing  season  and  must  develop  anew  from  a 
seed  (W.  f.  27).  The  biennial  plants,  such  as  the  Cabbage, 
Clover,  and  Turnip,  take  two  years  to  complete  their  growth 
(W.  f.  28).  The  first  year  the  stem  remains  very  short,  but 
the  second  year  it  elongates  and  bears  seeds.  The  perennial 
plants,  such  as  the  Trees,  grow  year  after  year.  Finally, 
stems  may  be  classified  according  to  their  position  as  either 
aerial  or  underground.  The  underground  stem,  or  rhi¬ 
zome,  of  the  Fern  has  already  been  noted. 

Stems  show  the  same  fundamental  plan  of  structure  as  do 
the  roots,  but,  as  a  rule,  the  tissues  of  the  former  are  more 
highly  differentiated.  In  addition,  certain  other  differences 
between  stems  and  roots  may  be  observed.  First,  the  stem, 
as  has  been  noted  in  the  seedling,  is  divided  into  nodes  and 
internodes,  both  of  which  are  lacking  in  the  roots.  Second, 
the  stem  bears  both  leaves  and  flowers,  neither  of  which 
are  present  on  the  roots.  The  structure  of  a  high  type  of 
dicotyledonous  stem  may  now  be  considered. 

Stem  of  Aristolochia.  Aristolochia  is  a  climbing, 
dicotyledonous  plant,  commonly  known  as  the  “Dutchman’s 
Pipe.”  A  microscopic  study  of  a  transverse  section  of  the 
stem  of  this  plant  reveals  an  outer,  protective  layer  of  epi¬ 
dermis  (W.  f.  45,  e ).x  Lying  within  the  epidermis,  toward  the 

1  This  figure  shows  the  structure  of  the  stem  of  the  Castor  Bean,  which 
is  essentially  the  same  as  that  of  Aristolochia,  but  is  not  quite  so  highly 
differentiated. 
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center  of  the  stem,  is  found  the  cortex  (W.  f.  45,  co )  which 
is  differentiated  into  a  strengthening  tissue,  the  collen- 
chyma,  lying  nearest  to  the  epidermis,  and  the  chlorophyll¬ 
bearing  chlorenchyma,  which  plays  a  part  in  food  forma¬ 
tion.  Lying  toward  the  center  from  these  cortical  tissues 
are  those  which  are  derived  from  the  central  cylinder.  There 
is,  first,  a  ring  of  sclerenchyma  which  also  contains  some  ad¬ 
ditional  strengthening  elements,  then  comes  the  vascular 
bundles  with  the  cambium  ring,  and,  finally,  in  the  center 
of  the  section,  the  pith  (W.  f.  45,  p). 

The  vascular  bundles  are  the  conducting  agents  of  the 
stem.  They  are  composed  of  an  outer  portion,  known  as 
the  phloem,  containing  numerous  sieve  tubes  which  trans¬ 
port  the  manufactured  food  materials  of  the  plant  (W.  f. 
45,  ph).  The  inner  portion  of  each  vascular  bundle  is  known 
as  the  xylem,  and  it  contains  larger  tubes,  through  which 
the  liquids  containing  inorganic  salts  in  solution  are  trans¬ 
ported  from  the  roots  to  the  chlorophjdl-bearing  tissues  (W. 
f.  45,  x ).  The  phloem  and  xylem  portions  of  the  vascular 
bundles  are  separated  in  Aristoloehia,  and  other  dicotyle¬ 
donous  plants,  by  the  actively  growing  cambium  ring  com¬ 
posed  of  meristem  tissue  (W.  f.  45,  ca).  The  cambium  ring 
forms  a  continuous  sheath  of  tissue  in  both  root  and  stem, 
at  the  tips  of  which  it  merges  into  the  cells  of  the  growing 
points.  The  cambium  tissue  is  not  present  in  the  leaves. 
Some  of  the  newly  formed  cells  of  the  cambium  ring  be¬ 
come  differentiated  into  the  outer  portions  of  the  stem,  but 
most  of  them  go  to  form  the  inner  tissues.  The  stems  of 
dicotyledonous  plants  are  often  known  as  exogenous  stems 
because  of  the  manner  in  which  the  new  layers  of  tissue  are 
laid  down  by  the  cambium  ring  on  the  outside  of  those 
already  formed. 

The  pith  lies  in  the  center  of  the  stem,  enclosed  by  the  cam¬ 
bium  ring  and  the  vascular  bundles.  It  is  composed  of  large, 
irregular  cells  which  form  a  spongy,  loose-textured  tissue. 
The  pith  functions  largely  for  storage  of  food  materials,  but 
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also,  frequently,  contains  plant  excretions  in  a  crystalline 
form. 

Woody  Stem.  Included  among  the  Dicotyledons  are 
the  long-lived  trees  in  which  the  bulk  of  the  stems  is  com¬ 
posed  of  a  woody  tissue.  The  structure  of  the  woody  stems, 
while  fundamentally  the  same  as  that  present  in  other  di¬ 
cotyledonous  plants,  like  Aristolochia,  nevertheless  shows  some 
important  modifications.  The  epidermis  of  trees  is  largely 
lost,  and  its  function  taken  over  by  a  heavy  protective  layer, 
known  as  the  bark.  The  bark  develops  mostly  from  the  cor¬ 
tical  tissues  and,  generally,  the  phloem  portion  of  the  vascular 
bundles  is  also  included.  In  a  woody  stem,  therefore,  the 
cambium  ring  lies  just  beneath  the  bark,  at  which  point  there 
is  a  very  clear  differentiation  between  the  bark  and  the  wood. 

In  the  woody  stems,  a  type  of  conducting  tissue,  known  as 
the  medullary  rays,  is  present.  These  transport  materials 
tranversely  across  the  stem  instead  of  up  and  down,  as  do  the 
tubes  in  the  vascular  bundles.  The  medullary  rays  may 
also  play  a  part  in  the  storage  of  food  materials. 

The  seasons  of  growth  in  the  stem  of  a  tree  are  indicated 
by  the  annual  rings  which  mark  the  annual  increase  in  the 
diameter  of  the  stem.  The  annual  rings  are  divided  into 
two  portions,  the  region  of  spring  growth  in  which  the 
woody  tissue  is  more  spongy,  and  the  region  of  summer 
growth  in  which  the  woody  tissue  is  more  compact.  Fur¬ 
thermore,  the  older  portions  of  the  stem  tissue  lying  toward 
the  center  gradually  change  to  a  darker  color,  and  are  known 
as  the  heart-wood  in  distinction  from  the  outer,  newer  por¬ 
tion  of  the  stem,  which  is  known  as  the  sap-wood.  The 
great  mass  of  material  present  in  a  woody  stem  is  non-living. 
The  actively  growing  meristem  tissues  in  such  a  stem  are 
situated  in  the  cambium  ring  just  below  the  bark,  and  it  is 
here  that  the  new  cells  are  continually  being  formed,  most  of 
which  go  to  form  the  woody  tissue  of  the  stem,  and  a  few  to 
form  the  bark.  As  the  new  wood  cells  are  laid  down,  the 
cambium  ring  continues  to  increase  in  diameter,  and  the 
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cells  in  the  older  portions  of  the  stem  gradually  lose  their 
protoplasm,  the  cell  walls  become  very  heavy  and  function 
either  as  woody  tissue  or  as  conducting  elements.  A  woody 
stem  contains  only  a  comparatively  small  amount  of  pith. 

Monocotyledonous  Stem.  The  outstanding  structural 
difference  in  the  monocotyledonous  stem  lies  in  the  arrange¬ 
ment  of  the  vascular  bundles,  which  have  no  definite  order, 
but  are  irregularly  scattered  through  the  stem  tissue.  The 
continuous  cambium  ring  of  the  dicotyledonous  stem,  in 
which  growth  takes  place  and  around  which  the  vascular 
bundles  are  regularly  arranged,  is  entirely  lacking  in  the 
Monocotyledons.  Because  of  this,  an  indefinite  increase  in 
diameter  does  not  occur  in  this  kind  of  stem.  Such  a  con¬ 
dition  is  characteristic  of  the  Monocotyledons,  and  this  type 
of  stem  is  termed  endogenous. 

A  good  example  of  the  monocotyledonous  stem  is  found 
in  the  Corn.  The  microscopic  study  of  a  transverse  section 
through  such  a  stem  shows  an  outer  layer  of  epidermal  cells 
and  then  the  cortical  tissue,  composed  of  several  layers  of 
thick-walled  cells,  underneath.  The  pith  in  this  type  of 
stem,  instead  of  occupying  a  comparatively  small  area  in 
the  center,  forms  the  bulk  of  the  stem.  The  vascular  bun¬ 
dles  are  irregularly  scattered  through  the  pith.  They  are 
known  as  the  closed  type  of  vascular  bundle  in  contrast  to 
the  open  type  present  in  the  Dicotyledons  in  which  the  cam¬ 
bium  ring  forms  a  common  connecting  link  for  all  the  vas¬ 
cular  bundles.  The  structure  of  the  conducting  tissues  in 
the  vascular  bundles  is  similar  to  that  already  studied  in  a 
dicotyledonous  stem  (W.  f.  45,  ph,  x). 

E.  Bud  1 

A  bud  may  be  defined  as  an  undeveloped  shoot,  or  em¬ 
bryonic  portion  of  the  stem,  with  undeveloped  leaves  at¬ 
tached.  Buds  are  formed  at  various  points  on  a  stem.  The 
largest  buds  are  those  formed  at  the  tips  of  the  stem. 

1  Woodruff,  pp.  72,  81-82. 
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These  are  known  as  terminal  buds  (W.  f.  35).  The  plu¬ 
mule  in  the  seed  constitutes  the  first  terminal  bud  of  the 
plant.  Buds  may  be  also  formed  at  the  nodes  of  the  stem, 
in  the  angle  between  the  leaf  stalk  and  the  stem  (axillary 
buds)  (W.  f.  35,  k ).  In  some  cases,  where  more  than  one 
bud  develops  in  an  axil,  the  extra  buds  are  known  as  acces¬ 
sory  buds.  Additional  buds  may  also  be  formed  in  various 
irregular  positions  (adventitious  buds).  Buds  may  con¬ 
tain  leaves  (leaf  buds),  or  flowers  (flower  buds),  or  both 
leaves  and  flower  (mixed  buds).  In  buds  of  all  types  there 
is  a  definite  arrangement,  or  vernation,  of  the  embryonic 
leaves. 

Buds  may  be  either  active  or  resting.  An  active  bud  is 
one  in  which  growth  is  taking  place.  A  resting  bud  is  one 
in  which  growth  has  temporarily  ceased  because  of  unfavor¬ 
able  environmental  conditions.  The  buds  of  some  plants, 
like  the  Lilac,  Horse  Chestnut  (W.  f.  35),  and  Hickory,  de¬ 
velop  modified  leaves  which  enclose  the  more  sensitive  tis¬ 
sues  of  the  bud  and  protect  them  from  freezing.  Such  a 
bud  is  known  as  the  protected,  or  scaly,  type  of  bud.  The 
buds  of  many  other  plants,  such  as  Elodea,  which  do  not 
develop  a  protective  covering,  are  known  as  the  unprotected, 
or  naked,  type  of  bud  (W.  f.  46). 

A  typical  example  of  a  naked  bud  is  found  in  the  common 
water  plant,  Elodea  (p.  7).  A  median  longitudinal  section 
of  a  bud  of  this  plant  shows  that  it  consists  of  a  central 
stalk  which  is  a  continuation  of  the  stem  of  the  plant.  It 
gradually  tapers  off  and  finally  ends  in  a  rather  blunt  grow¬ 
ing  point  composed  of  actively  dividing,  embryonic  cells 
of  exactly  the  same  type  as  is  found  in  the  growing  point  of 
the  root  (p.  83)  and  the  cambium  ring  (p.  86)  of  the  stem. 
This  embryonic  tissue  wherever  found  is  known  as  meri- 
stem  tissue.  The  growth  of  the  meristem  tissue  in  the 
growing  points  of  the  root  and  stem  results  in  the  elongation 
of  the  plant,  and  this  is  known  as  primary  growth.  The 
growth  of  the  meristem  tissue  in  the  cambium  ring  results  in 
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an  increase  in  the  diameter  of  the  plant,  and  is  known  as 

SECONDARY  GROWTH. 

On  the  central  stalk  of  the  bud,  beginning  just  back  of  the 
growing  point,  the  youngest  leaves  are  to  be  seen  as  slight 
projections  from  the  stem,  which  mark  the  nodes  of  the  ma¬ 
ture  stem  (W.  f.  46).  The  leaves  develop  in  a  regular  series, 
running  from  the  youngest  stage,  which  are  nearest  the  grow¬ 
ing  point,  to  quite  well-developed  leaves  attached  to  the  stem 
some  distance  back  from  the  growing  point.  The  older 
leaves  overarch  and  enclose  the  growing  point  and  thus 
form  the  bud  proper.  This  arrangement  may  be  seen  to 
advantage  in  a  head  of  Cabbage  or  Lettuce,  both  of  which 
are  essentially  large  naked  buds. 

The  bud  of  the  Lilac  may  be  taken  as  a  typical  example 
of  the  scaly  tj^pe  of  bud.  An  examination  of  such  a  bud 
shows  it  to  be  covered  and  protected  by  atypical  leaves, 
known  as  scale  leaves,  which  have  become  brown  and 
thick,  and  thus  are  so  modified  for  protective  purposes  that 
they  have  largely  lost  their  original  leaf  structure.  When 
the  scale  leaves  are  removed,  one  by  one,  it  can  be  noted 
that  there  is  a  gradual  transition  from  the  outer  highly 
modified  scale  leaves  to  the  tiny,  typical  green  leaves  toward 
the  center  of  the  bud.  Thus  the  scale  leaves  enclose  and 
protect  the  delicate  tissues  of  both  the  inner  leaves  and  the 
growing  point  of  the  bud  from  the  cold  of  the  winter  season. 
In  the  spring  when  it  is  warm,  and  food  materials  are  brought 
to  the  bud,  the  embryonic  tissues  in  the  leaves  and  growing 
point  begin  to  grow  and  soon  force  their  way  out  of  the 
protective  coverings.  The  Lilac  bud  contains  both  leaves 
and  flowers  and  is,  therefore,  an  example  of  a  mixed  bud. 

F.  Leaf  1 

Leaves  are  primarily  the  food-making  organs  of  the  plant. 
Their  whole  structure  is  built  with  the  idea  of  presenting  as 
1  Woodruff,  pp.  71-75,  82-84. 
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large  a  surface  as  possible  to  the  sun’s  rays,  in  order  that  the 
chlorenchyma  tissue,  containing  the  chlorophyll,  may  carry 
on  photosynthesis.  A  leaf  is  composed  of  the  flat,  thin 
blade,  or  lamina,  and  the  rod-like  supporting  stalk,  or 
petiole,  which  connects  it  to  the  stem  of  the  plant.  The 
petiole  is  somewhat  enlarged  where  it  connects  with  the 
stem  and  this  forms  the  leaf  base.  Growing  out  from  the 
petiole  near  the  leaf  base  are  two  tiny,  leaf-like  structures, 
known  as  the  stipules  (W.  f.  34).  The  general  external 
structure  of  a  leaf  and  the  mode  of  attachment  to  the  stem 
are  subject  to  considerable  variation  in  different  types  of 
plants. 

The  leaf  tissues  can  be  classified,  first,  as  the  protective 
tissues,  consisting  of  the  epidermal  cells,  which  form  a  cover¬ 
ing  over  the  leaf  and,  in  fact,  over  all  the  other  portions  of 
a  plant.  Second,  the  food-making  tissues,  or  chlorenchyma, 
which  largely  fills  the  interior  of  the  leaf,  and,  finally,  the 
vascular  tissue,  which  ramifies  all  through  the  blade  of  the 
leaf  and  the  petiole,  down  into  the  stem.  The  vascular 
tissue  of  the  leaves  is  a  direct  continuation  of  the  vascular 
bundles  present  in  the  stem,  and  may  be  noted  externally 
as  the  veins.  The  arrangement  of  the  veins,  or  venation, 
is  different  in  the  leaves  of  the  Dicotyledons  from  what  it 
is  in  the  Monocotyledons.  For  example,  in  the  Rose  leaf, 
which  is  typical  of  dicotyledonous  leaves,  there  is  the  netted- 
vein  type  of  venation  in  which  a  large  vein,  the  midrib, 
runs  through  the  center  of  the  leaf.  The  midrib  is  a  direct 
continuation,  through  the  petiole,  of  the  vascular  tissues  of 
the  stem.  It  is  very  prominent  on  the  under  surface  of  the 
leaf.  A  great  many  lateral  branches  arise  from  the  midrib, 
which  in  turn  give  off  numerous  fine  veins,  and  thus  a  dense 
network  of  veins  is  formed  which  permeates  the  entire  leaf 
surface  (W.  f.  34).  In  the  monocotyledonous  Corn  leaf, 
the  venation  is  the  parallel-vein  type  in  which  there  is  no 
prominent  midrib,  and  the  veins,  in  general,  are  parallel  to 
each  other. 
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The  epidermal  cells,  which  form  a  covering  over  the  entire 
leaf,  are  not  merely  for  protection.  Many  of  them,  par¬ 
ticularly  on  the  under  surface  of  a  leaf,  develop  into  special¬ 
ized  structures,  known  as  the  stomata  (singular  stoma), 
through  which  the  interchange  of  gases  necessary  for  both 
photosynthesis  and  respiration  takes  place,  and  also  through 
which  water  vapor  is  given  off.  This  latter  process,  known 
as  transpiration,  is  a  very  important  plant-process.  In 
some  leaves  there  are  as  many  as  500  stomata  per  square 
mm.  in  the  lower  epidermis.  A  stoma  consists  of  a  very 
fine,  slit-shaped  opening  between  the  walls  of  two  specialized 
epidermal  cells ;  the  latter  being  known  as  the  guard  cells. 
They  contain  a  small  amount  of  chlorophyll,  but  their  special 
feature  lies  in  the  fact  that,  when  an  insufficient  supply  of 
water  is  present  in  the  plant,  they  can  close  the  opening 
and  thus  prevent  further  loss  by  evaporation.  When  plenty 
of  water  is  present,  the  guard  cells  are  turgid,  and  spring 
taack  from  the  opening,  thus  permitting  transpiration  to 
take  place. 

The  leaf  is  one  of  the  most  highly  developed  plant  organs. 
A  study  of  a  transverse  section  of  a  typical  leaf  ( e.g .  Rose) 
will  give  a  clear  idea  of  the  internal  structure  (W.  f.  47). 
In  such  a  section  the  epidermis  will  be  seen  as  a  single 
layer  of  heavy-walled  cells  forming  the  outer  covering  on 
both  surfaces  (W.  f.  47,  e,  e').  In  the  epidermal  layer  of 
the  under  surface  of  the  leaf  can  be  seen  the  openings  of 
some  of  the  stomata  between  the  guard  cells  (W.  f.  47,  s). 
Beginning  with  the  upper  surface  of  the  leaf,  just  below  the 
epidermis,  there  are  one  or  two  rows  of  quite  large,  regular- 
shaped,  elongated  cells,  the  palisade  cells,  placed  with 
their  long  axes  at  right  angles  to  the  plane  of  the  upper 
epidermis.  They  contain  a  large  amount  of  chlorophyll, 
and  constitute  the  main  food-manufacturing  cells  of  the  leaf 
(W.  f.  47,  p). 

Between  the  palisade  cells  and  the  lower  epidermis  there 
is  an  area  of  the  leaf  containing  numerous  cells  which  are 
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neither  so  large  nor  so  regular  in  shape  as  the  palisade  cells. 
These  cells  constitute  the  spongy  tissue,  or  spongy  chlor- 
enchyma.  The  amount  of  chlorophyll  present  in  this  tissue 
is  not  so  great  as  in  the  palisade  cells  (W.  f.  47,  sp).  Between 
the  cells  of  the  spongy  tissue  are  numerous,  irregular  air 
spaces,  or  lacunae,  which  communicate  with  each  other 
(W.  f.  47,  a).  Some  of  the  lacunae,  situated  next  to  the 
lower  epidermis,  communicate  to  the  exterior  through  the 
stomata.  Thus  it  appears  that  the  spongy  tissue  with  the 
lacunae  are  mainly  concerned  with  the  interchange  of  gases 
through  the  stomata,  and  although  the  cells  contain  some 
chlorophyll,  the  manufacture  of  food  is  not  their  primary 
function. 

The  palisade  cells  together  with  the  spongy  tissue  con¬ 
stitute  the  chlorenchyma  of  the  leaf,  which,  it  will  be 
remembered,  is  a  modification  of  the  cortical  tissue  of  the 
stem  (p.  86).  The  vascular  tissue  of  the  leaf,  which  has  al¬ 
ready  been  observed  externally  as  the  veins,  consists  of  closed 
vascular  bundles  each  composed  of  a  xylem  and  a  phloem 
portion  (W.  f.  47,  b).  The  cambium  tissue,  which  in  the 
stem  separates  these  two  portions,  is  lacking  in  the  leaves. 

G.  Flower  1 

The  flower  is  a  characteristic  structure  of  the  Spermato- 
phytes,  which  is  highly  specialized  for  the  purpose  of  repro¬ 
duction.  It  is  composed  of  whorls  of  modified  leaves. 
These  are  borne  on  a  somewhat  modified  portion  of  the 
stem,  known  as  the  receptacle  (W.  f.  58,  a).  The  outermost 
whorl  is  made  up  of  a  number  of  green,  leaf-like  sepals, 
which,  taken  together,  comprise  the  calyx  (W.  f.  58,  b). 
The  sepals  are  largely  protective  in  function,  and  form  the 
outer  covering  of  the  flower  bud  ;  in  some  flowers  the  sepals 
are  not  separated,  but  are  fused  together  to  form  a  tube-like 
structure.  The  next  whorl  of  the  flower  consists  also  of  a 

i  Woodruff,  pp.  74-75,  107-114. 
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number  of  leaf-like  structures,  the  petals,  which  taken  to¬ 
gether  constitute  the  corolla  (W.  f.  58,  c).  The  petals  are, 
however,  of  a  more  delicate  texture  than  the  sepals  and  are 
frequently  very  brightly  colored.  The  calyx  and  corolla  to¬ 
gether  constitute  the  floral  envelope,  or  perianth,  which 
is  an  accessory  part  of  the  flower  as  distinguished  from  the 
essential  parts  which  it  encloses,  namely,  the  stamens  and 
the  carpels. 

The  next  whorl  of  modified  leaves,  the  stamens,  shows  very 
little  structural  resemblance  to  typical  leaves  (W.  f.  58, 
d ;  f.  59).  Each  is  composed  of  a  stalk,  or  filament,  and 
a  head,  or  anther.  The  latter  contains  the  pollen  sacs 
(microsporangia)  in  which  are  the  microscopic  pollen  grains, 
or  microspores,  which,  when  they  germinate,  produce  the 
male  gametophytc  (W.  f.  61,  c,  d,  e ).  Finally,  the  pistil, 
which  is  the  central  portion  of  the  flower,  may  consist  of  one 
or  more  structures,  the  carpels  (W.  f.  58,  e ).  A  pistil  which 
contains  only  one  carpel  is  known  as  a  simple  pistil,  one 
which  comprises  two  or  more  fused  carpels  is  a  compound  pistil 
(W.  f.  60).  Each  carpel  consists  of  an  enlarged  basal  portion 
(ovule  case  —  commonly  termed  the  ovary,  a  term  which 
we  shall  reserve  for  the  female  gonad  in  animals)  which 
rests  on  the  receptacle  of  the  stem.  From  the  ovule  case  a 
stalk  (style)  projects  which  terminates  in  an  enlarged 
portion  (stigma).  The  cells  of  the  latter  are  able  to  secrete 
a  substance  to  which  the  pollen  grains  will  adhere  when  they 
come  in  contact  with  it.  The  ovule  case  of  the  pistil  contains 
the  ovules  which,  in  turn,  enclose  the  megaspores.  These 
produce  the  female  gametophyte.  (W.  fs.  40 ;  60,  /.) 

Alternation  of  Generations  in  the  Flowering 
Plants.  Having  considered  the  structure  of  the  flower  in 
the  preceding  section,  the  next  step  is  to  link  the  latter  with 
the  life  cycle  of  the  Flowering  Plant  and  thus  complete  the 
study  of  alternation  of  generations  in  plants,  which  has  al¬ 
ready  been  traced  through  the  Moss  and  Fern. 

The  flower  of  the  sporophyte,  as  noted  above,  produces 
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spores.  These  spores,  contrary  to  what  we  have  seen  in 
the  Mosses  and  common  Ferns,  are  of  two  kinds  ;  namely,  the 
microspores,  which  are  formed  in  the  anthers  of  the  sta¬ 
mens  and  produce  the  male  gametophytes,  and  megaspores, 
which  are  formed  in  the  ovule  case  and  produce  the  female 
gametophytes.  The  formation  of  two  kinds  of  spores  by  a 
plant  is  known  as  heterospory  (W.  p.  106). 

The  pollen  grains,  or  microspores,  may  each  be  regarded 
as  a  living  cell,  enclosed  in  a  heavy  protective  wall.  They 
are  adapted  for  transfer  by  some  external  agency,  such  as 
the  wind  or  insectsy  from  the  anthers  of  the  flower  where 
they  are  formed  to  the  stigma  of  another  flower.  The  pol¬ 
len  grains,  when  they  are  brought  into  contact  with  the 
sticky  surface  of  the  stigma,  adhere  to  it.  They  also  absorb 
moisture,  the  heavy  outer  wall  breaks  down,  and  the  proto¬ 
plasm  contained  in  each  pollen  grain  grows  to  form  a  long 
pollen  tube  (W.  f.  61,  e ).  The  artificial  germination  of 
pollen  grains  can  be  brought  about  in  a  few  hours  by  plac¬ 
ing  them  in  a  weak  sugar  solution  corresponding  in  strength 
to  that  present  on  the  stigma. 

The  pollen  tube  grows  down  into  the  stigma,  through  the 
tissues  of  the  style,  and,  finally,  into  the  ovule  case.  Ap¬ 
parently  the  protoplasm  at  the  end  of  the  pollen  tube  is 
able  to  secrete  certain  enzymes  which  aid  in  dissolving  the 
tissues  of  the  pistil.  A  pollen  grain  when  it  is  first  formed 
in  the  anther  contains  only  one  nucleus.  Later  this  nucleus 
divides  to  form  three  nuclei,  two  of  which  are  concerned 
with  fertilization  and,  therefore,  represent  the  male  gamete, 
or  sperm.  The  third  nucleus,  known  as  the  tube  nucleus, 
has  a  different  nature  and  function.  It  maintains  a  position 
near  the  tip  of  the  growing  pollen  tube,  and  under  its  control 
the  growth  of  the  tube  down  into  the  ovule  case  takes  place. 
The  germinated  pollen  grain,  with  the  pollen  tube  and  the 
two  enclosed  sperm  nuclei,  constitutes  the  male  gameto- 
phyte  of  the  Flowering  Plant  (W.  f.  61,  e ). 

In  a  typical  ovule  case  there  are  a  number  of  multicellular 
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structures,  known  as  ovules.  Each  ovule  consists  of  a  main 
body,  termed  the  nucellus,  which  is  attached  to  the  wall 
of  the  ovule  case  by  a  stalk,  the  funiculus,  and  is  partly 
enclosed  by  certain  plant  tissues  and  integuments.  In  the 
nucellus  is  a  specialized  region,  the  embryo  sac,  consisting 
of  a  small  group  of  seven  or  eight  cells.  This  group  of  cells 
constitutes  the  female  gametophyte.  The  embryo  sac  since 
it  produces  the  female  gametophyte  is  regarded  as  a  mega¬ 
spore,  and  the  nucellus  as  the  megasporangium  (W.  f.  61,/). 

In  the  group  of  cells  which  constitute  the  female  gameto¬ 
phyte,  there  is  one  which  is  larger  than  the  others,  and  which 
occupies  a  position  near  to  the  attachment  of  the  stalk.  This 
is  the  female  gamete,  or  egg  cell,  and  it  must  be  fertilized  by 
a  sperm  cell  in  order  to  bring  about  further  development. 
There  is  another  cell  in  the  gametophyte,  known  as  the 
endosperm  nucleus,  which  is  of  particular  importance 
because  it  forms  the  food  material,  or  endosperm,  of  the 
seed. 

To  return  to  the  male  gametophyte :  the  pollen  tube  hav¬ 
ing  grown  down  into  the  ovule  case,  the  tip  reaches  the  egg 
cell  of  the  female  gametophyte.  The  end  of  the  pollen  tube 
is  dissolved  and  the  sperm  nuclei  pass  down  and  out  of  it. 
One  of  these  nuclei  fuses  with  the  nucleus  and  thus  fertilizes 
the  egg  cell.  Following  this  the  egg  cell  begins  to  divide, 
and  the  embryo  thus  formed,  as  a  result  of  the  sexual  pro¬ 
cess,  is  a  sporophyte.  The  other  sperm  nucleus  fuses  with 
the  endosperm  nucleus  of  the  female  gametophyte  and,  as  a 
result  of  this,  the  food  material  is  formed  in  close  connection 
with  the  developing  sporophyte  embryo. 

The  growth  of  the  sporophyte  embryo  and  the  formation 
of  endosperm  continues  for  a  time.  Then  development 
stops,  and  the  embryo  with  the  stored  food  is  covered  by  a 
seed  coat  which  develops  from  the  integuments  of  the  ovule. 
This  constitutes  the  seed  stage  with  which  we  began  our  study 
of  the  seed-forming  plants  (W.  f.  61,  g,  h ).  In  a  single  ovule 
case  as  many  seeds  may  be  formed  as  there  are  ovules. 
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Growth  having  ceased,  most  seeds  have  a  resting  period,  nor¬ 
mally  through  the  winter  months,  after  which  germination 
will  take  place,  provided  certain  essential  conditions  are  met, 
as  noted  above.  Frequently  the  walls  of  the  ovule  case  and 
associated  structures,  as  a  result  of  seed  formation,  become 
enlarged,  and  such  a  structure,  containing  the  seeds,  is  known 
as  a  fruit. 

H.  Fruit 

The  formation  of  the  fruit  in  a  plant  is  dependent  upon 
the  processes  of  fertilization  and  the  consequent  formation 
of  the  seed  with  the  enclosed  embryo.  If  fertilization  does 
not  occur  in  a  flower,  the  entire  structure  soon  withers  away. 
On  the  other  hand,  if  fertilization  takes  place,  there  occur, 
along  with  the  development  of  the  seed,  modifications  of 
certain  parts  of  the  flower.  Generally,  these  modifications 
are  concerned  with  the  walls  of  the  ovule  case,  but  other 
parts  of  the  flower  are  also  involved  in  some  instances. 

The  term  fruit,  as  understood  by  a  botanist,  has  a  broad 
meaning  and  includes  many  types  which  are  not  commonly 
designated  as  fruits.  Fruits  may  be  technically  defined  as 
ripened  ovule  cases,  although  other  parts  of  the  flower  may 
also  be  involved  (W.  f.  27,  c).  In  accordance  with  this 
definition,  fruits  include  a  great  many  varieties,  ranging  from 
the  dry  fruits,  like  the  Peas,  Beans,  Nuts,  and  Cereals,  to  the 
fleshy  f  ruits,  like  the  Tomato,  Pumpkin,  Peach,  Apple,  and 
Berries.  Thus  among  the  fruits  there  is  the  greatest  diver¬ 
gence  in  respect  to  many  qualities,  such  as  size,  structure, 
color,  and  edibility.  All  fruits  agree,  however,  in  their  funda¬ 
mental  purpose,  namely,  to  protect  the  seeds  and  aid  in 
their  dissemination.  The  structure  of  a  few  representative 
types  of  fleshy  fruits  may  now  be  noted. 

Berry  Type.  This  includes  such  fruits  as  Grapes,  Blue¬ 
berries,  Cranberries,  Tomatoes,  Oranges,  and  Lemons. 
They  are  regarded  as  the  simplest  type  of  fleshy  fruit.  The 
fleshy,  edible  portion  in  this  type  of  fruit  is  derived  from  the 
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walls  of  the  ovule  cases,  together,  in  some  cases,  with  certain 
enclosed  structures.  The  seeds  are  present  in  the  fleshy 
portion. 

Stone  Type.  This  includes  such  fruits  as  the  Peach, 
Plum,  and  Cherry.  In  this  type,  the  wall  of  the  ovule  case 
becomes  differentiated  into  an  outer  fleshy  portion  and  a 
hard  inner  portion.  The  latter  portion  constitutes  the  stone, 
or  pit,  and  it  surrounds  the  seed  proper. 

Pome  Type.  This  includes  such  fruits  as  the  Apple, 
Quince,  and  Pear.  In  this  type,  the  fleshy  edible  portion 
of  the  fruit  develops  in  the  walls  of  the  receptacle.  The 
latter  becomes  greatly  enlarged  and  entirely  encloses  the 
ovule  case  and  seeds,  which  constitute  the  core  of  this  type 
of  fruit. 


XV.  HYDRA1 


In  Hydra  we  have  our  first  example  of  a  true  Metazoon. 
It  is  small  in  size,  simple  in  structure,  and  particularly  well 
adapted  for  beginning  a  study  of  the  multicellular  animals, 
which  will  lead  to  the  consideration  of  more  and  more  complex 
animal  types.  There  are  several  species  of  Hydra  known, 
all  of  which  live  in  fresh  water,  attached  to  water  plants  or 
to  pieces  of  debris.  They  are  large  enough  to  be  easily  seen 
with  the  naked  eye  and,  when  expanded,  appear  as  a  rather 
flexible,  tubular  body  with  one  end  attached  to  some  solid 
object,  and  the  other  end,  bearing  a  number  of  fine  tentacles, 
free  and  often  waving  back  and  forth.  When  contracted, 
the  Hydra  becomes  a  tiny  spherical  body. 

A  comparison  of  Hydra  with  Volvox  shows  that  the  cells 
which  compose  Hydra  are  much  more  highly  specialized. 
It  will  be  remembered  that  the  previous  study  of  Volvox 
showed  that  the  cells  of  which  it  is  composed  have  no  speciali¬ 
zation  except  for  purposes  of  reproduction.  Hydra,  on  the 
other  hand,  has  numerous  groups  of  cells  which  are  specialized 
for  various  functions,  such  as  nutrition,  sensation,  contraction, 
and  reproduction.  Such  cells,  since  they  are  incapable  of 
carrying  on  all  the  necessary  functions  of  the  organism,  are 
said  to  have  become  physiologically  unbalanced.  Groups 
of  such  cells,  which  are  similar,  form  a  tissue.  In  the 
higher  animals  the  tissues  are  grouped  together  to  form 
organs  (W.  pp.  59-60). 

A.  Structure  of  Hydra 

In  its  general  structure,  Hydra  may  be  compared  to  a 
tubular  sac  (W.  fs.  116,  64),  the  closed,  attached  end  of 

1  Woodruff,  pp.  118-121. 
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which  is  known  as  the  foot,  or  basal  disk.  At  the  opposite 
end  of  the  tubular  sac,  known  as  the  hypostome,  there  is  a 
mouth-opening  surrounded  by  several  long,  flexible  tentacles. 
The  exact  number  of  tentacles  varies  in  the  different  species  of 
Hydra  (W.  fs.  64,  1,2).  The  mouth  opens  directly  into  a 
single  large  central  cavity,  known  as  the  enteric  cavity 
(W.  f.  64,  7).  The  tentacles  also  are  hollow  structures,  and 
in  each  there  is  a  cavity  which  is  a  continuation  of  the  central 
enteric  cavity.  The  body  of  Hydra  is  composed  of  a  very 
large  number  of  cells.  These  cells  are  clearly  divided  into 
an  outer  layer,  known  as  the  ectoderm,  which  covers  the 
entire  animal,  and  an  inner  layer,  known  as  the  endoderm, 
which  lines  the  entire  enteric  cavity  even  to  the  tips  of  the 
tentacles.  Between  the  ectoderm  and  endoderm  there  is  a 
thin  layer  of  transparent,  non-cellular  material,  known  as 
the  mesogloea  (W.  f.  65). 

Because  of  the  fact  that  the  body  of  Hydra  and  related 
forms  is  composed  of  two  cellular  layers,  the  ectoderm  and 
endoderm,  it  is  known  as  a  diploblastic  animal  in  contrast 
with  the  higher  forms  of  triploblastic  animals,  in  which 
the  body  with  the  various  organs  arises  from  three  cellular 
layers,  ectoderm,  endoderm,  and  a  middle  layer  of  mesoderm. 
In  the  triploblastic  animals  the  very  important  and  highly 
specialized  layer  of  mesoderm  lies  between  the  ectoderm  and 
endoderm.  The  ectoderm  and  endoderm  of  Hydra,  together 
with  the  mesoderm  of  the  triploblastic  animals,  are  called 
the  primary  germ  layers.  In  all  forms  of  animals,  they 
arise  very  early  in  development  by  a  differentiation  of  the 
embryonic  cells,  and  it  is  by  continued  differentiation  of  the 
cells  of  these  primary  germ  layers  that  all  the  tissues  and 
organs  of  the  animal  body  are  finally  formed  (W.  p.  120). 

Ectoderm.  By  far  the  greater  number  of  the  ectoderm 
cells  of  Hydra  develop  into  the  epitheliomuscular  cells 
which  form  the  covering,  or  epithelium,  of  the  body.  As 
indicated  in  their  name,  they  contain  contractile  elements 
which  function  in  a  similar  way  to  the  muscle  cells  in  the 
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higher  types  of  animals.  In  the  basal  disk,  some  of  the 
epitheliomuscular  cells  are  modified  for  the  purpose  of 
secreting  a  sticky  fluid  which  enables  the  Hydra  to  attach 
itself  to  various  objects. 

One  end  of  these  cells  is  generally  somewhat  larger  than 
the  other,  and  these  large  ends,  closely  fitted  together,  form 
the  outer  surface  of  the  body.  The  inner  portions  of  the 
cell  bodies  are  generally  not  in  contact  with  each  other,  as 
are  the  larger  portions  of  the  cells  at  the  surface  of  the  body. 
The  spaces,  bounded  by  the  sides  of  the  cells  and  by  the 
mesogloea,  often  contain  another  type  of  ectodermal  cell. 
This  latter  type  of  cells,  on  account  of  the  position  they 
occupy,  are  known  as  the  interstitial  cells.  Many  of 
these  interstitial  cells  remain  as  small,  typically-shaped  cells 
in  the  location  described,  but  others  become  further  differ¬ 
entiated  into  either  cnidoblasts  or  into  specialized  germ 
cells. 

The  cnidoblasts  are  interstitial  cells  which  have  become 
highly  modified  to  form  the  defensive  and  offensive  weapons 
of  Hydra,  known  as  nematocysts,  or  stinging  capsules. 
The  nematocysts  are  really  quite  remarkable  structures. 
With  the  exception  of  the  region  of  the  basal  disk,  they  are 
scattered  in  greater  or  less  numbers  over  the  entire  surface 
of  the  body.  They  are  present  in  the  greatest  numbers  on 
the  tentacles,  where  they  are  consolidated  to  form  “batteries 
of  nematocysts”  which  may  be  easily  seen  as  bands  en¬ 
circling  the  tentacles  (W.  f.  64,  2).  Occupying  the  center 
of  this  type  of  cell  is  a  very  highly  specialized  structure, 
the  nematocyst  proper,  which  consists  essentially  of  a  long, 
coiled,  filamentous  tube  attached  to  a  spine-covered  base. 
The  long  tube  contains  a  poisonous  substance.  A  rather 
rigid  spine,  the  cnidocil,  projects  from  the  outer  surface 
of  these  cells  into  the  water  surrounding  the  animal. 
It  is  apparently  sensitive  to  contact. 

Under  the  proper  conditions,  the  nematocyst  can  be 
exploded.  When  this  occurs  the  coiled,  poisoned  tube 
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attached  to  the  base  bursts  through  the  surface  of  the 
cnidoblast,  ‘uncoils’  with  great  rapidity  and  with  sufficient 
power  to  penetrate  the  tissues  of  various  small  animals  with 
which  Hydra  comes  into  contact.  In  such  a  case  the  at¬ 
tacked  animal,  paralyzed  by  the  action  of  the  poison,  is 
captured  by  the  tentacles  of  Hydra  and  conveyed  to  the 
mouth.  In  addition  to  the  type  of  nematocysts  just  de¬ 
scribed,  which  paralyze  animals  with  a  poison  substance,  there 
is  another  smaller  type  which  shows  the  same  general  type 
of  structure,  but  lacks  the  poison.  The  coiled  filamentous 
tubes  of  this  type  of  nematocyst  curl  around  any  small  pro¬ 
jecting  part  of  an  animal  which  the  Hydra  is  attempting 
to  capture,  and  in  this  way  hold  it  firmly  so  that  it  can  be 
conveyed  to  the  mouth. 

In  addition  to  the  epitheliomuscular  cells  and  interstitial 
cells,  there  are  also  developed  from  the  ectoderm  a  consider¬ 
able  number  of  nerve  cells  which  are  scattered  among  the 
epitheliomuscular  cells,  and  are  also  found  tying  deeper  in  the 
endoderm  layer.  The  bodies  of  the  nerve  cells  of  Hydra 
have  become  somewhat  modified  in  their  structure  from  that 
of  a  typical  cell  in  that  they  each  possess  processes  which 
connect  with  other  nerve  cells  and  thus  form  a  nerve  net. 
The  nerve  net  of  Hydra  realty  constitutes  a  specialized 
irritable  tissue,  just  as  does  the  nerve  tissue  of  higher  animals 
(W.  fs.  99,  100,  102). 

The  chief  function  of  nerve  tissue  in  all  animals,  from  the 
simplest  forms  to  the  most  complex,  is  that  of  coordination. 
All  the  cells  in  an  animal  must  work  together  for  the  good  of 
the  organism  as  a  whole  or  it  cannot  survive.  It  is  the  nerve 
tissue  which  arranges  this,  unifying  the  various  parts  of  an 
organism  so  that  the  necessary  objects  are  attained.  Take, 
for  example,  locomotion  in  Hydra.  This  is  brought  about  by 
means  of  a  coordinated  movement  of  the  muscular  elements 
in  various  parts  of  the  body  under  the  direction  of  the  nerve 
cells.  Locomotion  takes  place  in  several  different  ways :  , 
first,  the  Hydra  may  move  by  a  slow,  creeping  movement 
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in  which  the  epitheliomuscular  cells  of  basal  disk  alone 
are  involved ;  second,  the  Hydra  may  stand  on  its  head,  so 
to  speak,  and  move  along  by  a  coordinated  movement  of  its 
tentacles,  and,  finally,  it  may  move  like  a  measuring  worm 
by  using  both  the  basal  disk  and  the  tentacles.  Whatever 
the  type  of  locomotion,  the  actions  of  all  the  cells  concerned 
are  governed  and  coordinated  by  means  of  the  nerve  tissue, 
and  the  same  thing  is  true  for  all  the  activities  of  the  animal. 
(W.  pp.  183-185.) 

Endoderm.  The  structure  of  the  endoderm  cells,  which 
line  the  enteric  cavity,  shows  considerable  variation  from 
that  of  the  ectoderm  cells  (W.  f.  64,  6).  They  are  primarily 
nutritive  in  function.  Some  of  them  are  actually  able  to 
take  solid  food  particles  within  the  cell  body,  just  like  a 
Protozoon  does,  and  digest  them  (intracellular  digestion). 
Other  endoderm  cells  are  able  to  secrete  digestive  enzymes 
into  the  large  enteric  cavity,  which  digest  the  food  there 
(intercellular  digestion).  The  latter  method  of  digestion 
is  fundamentally  the  same  as  that  which  takes  place  in  the 
alimentary  tract  of  all  the  higher  animals  (W.  p.  157). 

The  endoderm  cells,  which  are  specialized  for  intracellular 
digestion,  are  somewhat  larger  than  the  epitheliomuscular 
cells  of  the  ectoderm.  Projecting  from  each  of  these  cells 
into  the  enteric  cavity  are  the  flagella  (W.  f.  64,  6).  Tem¬ 
porary  projections  of  the  cell,  known  as  pseudopodia,  and 
similar  to  those  in  Amoeba,  are  also  frequently  formed.  Both 
the  flagella  and  pseudopodia  apparently  aid  the  cells  in  the 
capture  of  food  particles.  The  internal  structure  of  these 
cells  varies  somewhat,  depending  upon  the  amount  of  food 
which  is  present  in  the  cell  undergoing  intracellular  digestion. 
When  the  amount  of  food  is  small,  large  vacuoles  develop  in 
the  cytoplasm.  These  are  absent  when  food  is  present,  and 
the  cytoplasm  then  contains  a  large  number  of  food  vacuoles. 
The  glandular  endoderm  cells,  which  secrete  the  enzymes 
into  the  enteric  cavity,  exhibit  no  noteworthy  structural 
modifications  from  those  found  in  a  typical  animal  cell. 
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Interstitial  cells  also  develop  in  the  endoderm.  These  lie 
at  the  bases  of  the  endoderm  cells,  next  to  the  mesogloea,  in 
much  the  same  way  as  in  the  ectoderm  layer. 

B.  Life  Processes  of  Hydra 

From  the  preceding  discussion  of  the  structure  of  Hydra 
it  is  evident  that  the  cells  have  become  structurally  modified 
and  variously  adapted  for  the  needs  of  the  organism.  Along 
with  the  structural  modifications,  the  cells  have  become 
physiologically  unbalanced  and,  therefore,  individually  in¬ 
capable  of  carrying  on  all  the  vital  activities  necessary  for 
the  existence  of  an  animal  in  the  way,  for  example,  the  cell 
of  an  Amoeba  or  a  Paramecium  does.  Thus  as  a  result  of 
the  cell  specialization  there  is  a  division  of  labor,  and  certain 
cells  do  certain  things  in  the  life  of  the  organism  as  a  whole, 
and  in  return  are  co-sharers  in  the  benefits  derived  from  the 
activities  of  the  other  specialized  cells  of  the  animal.  We 
may  now  consider  certain  vital  functions  of  Hydra  and  learn 
how  these  various  activities  are  accomplished  by  the  various 
types  of  specialized  cells.  (W.  pp.  116-117.) 

1.  Nutrition 

Hydra  is  chiefly  a  carnivorous  animal,  feeding  upon  a 
great  variety  of  small,  water-living  animals.  These  are 
first  paralyzed  by  the  nematocysts  and  then  conveyed  by  the 
flexible,  muscular  tentacles  to  the  central  mouth  opening. 
The  ectoderm  cells  of  the  tentacles  are  able  to  secrete  a  sticky 
substance  which  aids  in  holding  the  captured  prey. 

The  food  having  been  ingested,  that  is,  passed  through 
the  mouth  into  the  enteric  cavity,  the  process  of  digestion 
begins.  This  may  be  either  intracellular  or  intercellular, 
as  noted  above.  It  is  probable  that  most  of  the  food  of 
Hydra  is  digested  by  the  intercellular  method.  Thus  to  the 
endoderm  cells  is  entrusted  the  nutrition  of  the  entire  Hydra. 
In  the  larger  and  more  highly  developed  forms  of  animals  a 
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specialized  transport  tissue,  the  blood,  is  necessary  in  order 
to  carry  the  food  absorbed  from  the  alimentary  canal  to  all 
the  other  cells  of  the  animal  body.  In  Efydra,  however,  this 
is  not  necessary,  and  the  soluble  food  is  passed  by  osmosis 
from  cell  to  cell. 

A  certain  proportion  of  the  material  ingested  by  a  Hydra 
consists  of  inorganic  material  which  is  not  capable  of  being 
digested.  These  indigestible  substances  are  egested  from 
the  enteric  cavity  to  the  exterior  through  the  mouth  opening. 
This  is  the  only  opening  into  the  digestive  cavity  of  Hydra, 
and  it  serves,  therefore,  both  as  a  mouth  opening  for  the 
ingestion  of  food,  and  as  an  anal  opening  for  the  egestion  of 
the  refuse. 

Symbiosis.  Among  the  several  well-known  species  of 
Hydra  the  common  green  form,  Hydra  viridis,  is  of  partic¬ 
ular  interest  from  the  standpoint  of  nutrition  because  of 
the  fact  that  many  of  the  endoderm  cells  of  this  species 
actually  contain  a  great  number  of  tiny,  green  plant  cells 
belonging  to  a  unicellular  Algae,  known  as  Chlorella 
vulgaris.  The  cells  of  this  plant  are  what  gives  this  species 
of  Hydra  its  green  color. 

The  interesting  fact  is  that,  although  these  plant  cells 
are  actually  living  in  the  cells  of  Hydra,  they  do  not  cause 
any  harm  to  their  host.  On  the  contrary  it  appears  that  there 
is  a  mutual  benefit  derived  from  the  partnership.  A  con¬ 
dition  of  this  kind  is  known  as  symbiosis,  and  is  to  be  dis¬ 
tinguished  from  parasitism,  in  which  one  organism  lives  at 
the  expense  of  another  organism.  The  benefit  to  the  plant 
arises  from  the  fact  that  the  metabolic  wastes  of  the  Hydra 
are  just  what  is  needed  to  carry  on  photosynthesis.  On  the 
other  hand,  as  a  result  of  the  photosynthesis,  an  excess  of 
oxygen  is  formed,  and  this  the  Hydra  secures  for  its  own 
life  processes.  It  is  also  probable  that  the  Hydra  makes 
use  of  any  surplus  food  which  may  be  manufactured  by  the 
plant  cells.  At  any  rate,  experimental  work  has  shown 
that,  by  placing  green  Hydras  in  certain  environments,  it 
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is  possible  to  get  rid  of  the  Alga  cells.  The  green  Hydras 
under  such  conditions  become  white,  and  although  they  are 
able  to  live,  they  do  not  show  so  great  vitality  as  do  other 
Hydras  of  the  same  species  in  which  the  symbiotic  condition 
is  maintained.  (W.  pp.  331-338.) 

2.  Respiration  and  Excretion 

There  are  no  specialized  organs  of  excretion  in  Hydra. 
Each  of  the  cells  apparently  attends  to  the  excretion  of  its  own 
metabolic  wastes  just  as  the  protozoan  cells  do.  Respiration 
is  carried  on  through  the  permeable  cell  walls  and  takes 
place  both  at  the  surfaces  of  the  ectoderm  cells,  which  are 
in  contact  with  the  surrounding  water,  and  also  at  the  sur¬ 
faces  of  endoderm  cells,  which  are  in  contact  with  the  fluids 
of  the  enteric  cavity.  Excretion  of  the  liquid  metabolic 
wastes,  containing  soluble  salts  and  nitrogenous  material, 
also  takes  place  dir.ectly  through  the  cell  walls ;  a  specialized 
excreto^  apparatus,  like  the  contractile  vacuoles  of  the 
Protozoa,  is  not  present  in  the  cells  of  Hydra. 

3.  Reproduction 

Reproduction  in  Hydra  may  take  place  either  asexually  or 
sexually.  The  common  asexual  method  is  known  as  budding, 
and  is  a  process  which  may  often  be  observed  in  actively 
growing  individuals.  The  basis  of  this  process  is,  of  course, 
just  as  in  the  Protozoa,  a  balance  in  favor  of  the  constructive 
phase  of  metabolism.  As  a  result  certain  cells  in  the  body 
wall,  generally  near  the  basal  disk,  begin  to  divide  rapidly 
and  soon  form  a  small  swelling,  which  projects  from  the 
ectoderm  (W.  f.  64,  3).  This  projection  continues  to  increase 
in  size  and  soon  shows  a  differentiation  into  the  body  proper 
and  into  tentacles  which  surround  a  central  mouth  opening ; 
in  other  words,  the  bud  now  looks  like  a  small,  attached 
Hydra.  During  the  formation  of  the  bud,  both  the  body 
wall  and  enteric  cavity  of  the  bud  are  continuous  with  the 
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corresponding  parts  of  the  parent  Hydra.  A  section  through 
it  shows  that  the  body  wall  is  made  up  of  ectoderm,  meso- 
gloea,  and  endodenn,  just  as  is  the  body  wall  of  the  parent 
Hydra,  surrounding  a  central  enteric  cavity  (W.  f.  64,  4)» 
When  the  bud  is  fully  developed  the  attachment  with  the 
parent  Hydra  is  broken,  a  basal  disk  is  developed,  and  the 
new  individual  begins  an  independent  existence  (W.  p.  217). 

In  addition  to  asexual  reproduction  by  budding  it  is  also 
stated  by  some  authorities  that  Hydra  may  reproduce  by 
fission  —  that  is,  by  a  division  of  the  entire  animal  into  two. 
The  division  is  generally  along  the  longitudinal  axis.  It  begins 
at  the  distal,  or  tentacle,  end  of  the  animal  and  proceeds 
toward  the  basal  disk  (W.  f.  116). 

In  connection  with  the  asexual  reproduction  of  Hydra, 
consideration  should  be  given  to  the  remarkable  power  of 
regeneration  which  this  animal  possesses.  Regeneration 
may  be  defined  as  “the  ability  of  an  organism  to  replace,  or 
regenerate,  missing  parts  in  order  to  restore  again  the  perfect 
whole.”  The  ability  to  regenerate  lost  parts  varies  greatly 
in  different  kinds  of  animals,  but,  in  general,  the  ability  exists 
in  inverse  ratio  to  the  amount  of  cell  specialization  which  is 
present.  In  other  words,  the  higher  the  development  of  an 
animal,  the  less  is  its  power  of  regeneration.  Hydra  is  a 
comparatively  simple  type  of  Metazoon,  and  experiments 
on  this  organism  have  shown  that  it  possesses  a  very  high 
degree  of  regenerative  ability.  Hydra  can  be  cut  into 
several  pieces  —  four  or  even  more,  and  in  many  different 
planes  —  and  each  of  these  pieces  will  regenerate  the 
missing  parts  in  a  short  time.  Thus,  as  a  result  of  sec¬ 
tioning  the  animal  and  the  power  of  regeneration  which 
the  tissues  possess,  there  will  be  several  individuals  where 
there  was  at  first  only  one.  The  process  of  regeneration 
in  such  cases  really  results  in  asexual  reproduction. 
(W.  pp.  220-222.) 

Sexual  Reproduction.  Under  certain  conditions,  which 
are  not  fully  understood,  a  Hydra  may  develop  definite  male 
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and  female  gonads,  both  of  which  are  temporary  structures. 
Thus,  the  same  individual  produces  both  sperm  and  eggs. 
The  majority  of  animals  produce  either  sperm  or  eggs.  A 
form  which  produces  both  sperm  and  eggs  is  known  as  an 
HERMAPHRODITE  (W.  pp.  203-204). 

The  male  gonads,  or  testes,  in  which  the  sperm  are  formed, 
develop  as  swellings  in  the  ectoderm  of  the  body  wall,  just 
below  the  tentacles  (W.  f.  64,  8).  The  testis  consists  of  an 
outer  covering  of  ectoderm  cells,  which  encloses  a  great 
number  of  the  developing  sperm  cells.  The  latter  arise,  as 
has  been  noted,  from  modified  interstitial  cells.  By  repeated 
divisions  of  the  latter  a  very  large  number  of  immature  sperm 
cells  are  formed.  These  undergo  radical  structural  modifica¬ 
tions,  finally  resulting  in  the  formation  of  mature,  free-swim¬ 
ming  sperm  which  break  forth  from  the  gonad.  They  swim 
about  freely  in  the  water,  and  when  one  comes  into  con¬ 
tact  with  a  mature  unfertilized  egg,  it  penetrates  the  egg 
membranes,  thus  permitting  the  permanent  union  of  the 
male  nucleus  with  the  female  nucleus,  that  is,  fertilization, 
to  occur.  (W.  f.  115,  C.) 

The  ovaries  of  Hydra  also  develop  as  swellings  in  the  ecto¬ 
derm  of  the  body  wall.  They  are,  however,  located  farther 
from  the  tentacles  than  are  the  testes  (W.  f.  64,  9).  The 
eggs  in  the  ovaries  likewise  develop  from  the  interstitial  cells. 
The  process,  however,  is  different  from  that  which  takes 
place  in  the  formation  of  the  sperm.  In  the  first  place  there 
is  usually  only  one  egg  formed  in  an  ovary,  whereas  there 
are  an  enormous  number  of  sperm  formed  in  a  testis.  In  the 
early  stages,  an  ovary  of  Hydra  contains  a  large  number  of 
potential  egg  cells  which  have  developed  from  the  interstitial 
cells,  but  only  one  of  these  finally  forms  a  mature  egg  cell, 
while  the  others  aid  in  its  nourishment.  Some  of  the  sister 
cells  are  actually  engulfed  by  the  amoeba-like  pseudopodia 
which  develop  on  the  egg  cell.  The  latter  becomes  very 
large  as  a  result  of  the  nourishment  supplied  by  the  other 
cells.  In  its  general  shape  and  structure  it  is  quite  like  a 
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typical  cell  and  very  different  from  the  atypical  sperm 
cells.  The  large,  mature  egg  projects  through  the  ectoderm 
of  the  Hydra,  surrounded  only  by  a  thin  egg  membrane,  and 
there  it  awaits  the  sperm.  It  remains  attached  to  the  ecto¬ 
derm  at  this  point  for  some  time  even  after  fertilization  has 
occurred.  During  later  development  it  breaks  away  and 
becomes  entirely  free  from  the  parent  body.  The  sperm  and 
eggs  of  a  Hydra  do  not  mature  at  the  same  time  and,  there¬ 
fore,  the  eggs  are  not  fertilized  by  the  sperm  of  the  same 
individual  (W.  f.  115,  C). 

The  process  of  fertilization  in  the  egg  of  Hydra  furnishes 
not  only  the  method  by  which,  as  a  result  of  the  fusion  of 
the  chromatin  material,  the  characteristics  from  two  parents 
may  intermingle,  but  also  the  stimulus  for  cell  division.  This 
same  thing  is  true,  in  general,  for  all  living  organisms,  in¬ 
cluding  Man.  Each  starts  its  independent  existence  as  a 
single  egg  cell  which,  when  fertilized  by  a  sperm,  begins  to 
divide  by  mitotic  cell  division,  the  process  being  known  as 
cleavage  (W.  pp.  54-60).  As  a  result  of  cleavage,  two  cells, 
then  four,  eight,  sixteen,  etc.,  are  formed  (W.  f.  19).  These 
cells  remain  attached  to  each  other  and,  in  Hydra,  in  a  short 
time,  when  about  128  cells  are  present,  it  is  found  that  they 
are  arranged  in  the  form  of  a  hollow  sphere  —  the  wall  of 
which  is  composed  of  a  mosaic  of  cells  closely  fitted  together. 
This  stage  in  the  development  of  Hydra  or  other  forms  is 
known  as  a  blastula  and  it  is  broadly  comparable  with 
the  permanent  structure  of  Volvox,  previously  studied 
(W.  f.  19,  F;f.  18,  A). 

In  the  development  of  Hydra  the  blastula  is  only  a  tran¬ 
sient  condition.  The  ectoderm  cells,  of  which  the  wall  of  the 
blastula  is  composed,  continue  to  divide  and  soon  form  a 
special  group  of  cells  at  one  pole  of  the  sphere.  These  cells 
are  somewhat  differentiated  from  the  outer  ectoderm  cells, 
and  they  are  destined  to  form  the  inner  layer,  endoderm, 
which,  as  will  be  remembered,  lines  the  enteric  cavity  and  has  as 
its  chief  function  the  digestion  of  food  materials.  The  young 
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Hydra,  in  this  two-layered,  or  diblastic,  condition,  with  outer 
ectoderm  and  inner  endoderm,  is  known  as  a  gastrula 
(W.  f.  19,  G,  H,  I).  Hydra  remains  essentially  as  a  per¬ 
manent  gastrula  made  up  of  the  two  cellular  layers,  ectoderm 
and  endoderm,  separated  by  a  very  thin  non-cellular  material, 
the  mesogloea.  It  is  important  to  note  that  the  two-layered 
gastrula  stage,  which  is  permanent  for  Hydra,  is  only  a 
temporary  condition  for  the  higher  triploblastic  animals,  all 
of  which  develop  the  important  third  cellular  layer,  the 
mesoderm. 

After  gastrulation  the  embryo  forms  a  thin  inner  mem¬ 
brane  and  a  thick,  outer  chitinous  shell  —  both  of  which  are 
products  of  the  ectoderm  cells  —  becomes  free  from  the 
parent  and  falls  to  the  bottom  of  the  pond.  Later  the  em¬ 
bryo  emerges  from  the  shell,  develops  tentacles,  and  the  ecto¬ 
derm  and  endoderm  cells  become  otherwise  modified  to  form 
the  mature  Hydra. 


XVI.  OBELIA  1 


Ob  elia  is  a  marine  animal  and  a  typical  representative  of 
a  considerable  number  of  species  of  Coelenterate  animals 
which  exhibit  the  phenomenon  of  alternation  of  generations, 
or  metagenesis,  as  this  process  is  often  called  in  animals. 
There  is  an  alternation  in  the  life  history  of  this  form  between 
an  attached,  colonial,  asexual  stage  and  a  free-swimming, 
sexual,  medusa  stage.  Obelia  also  shows  a  somewhat  higher 
degree  of  cellular  specialization  than  does  Hydra,  to  which 
form  it  is  closely  related  (W.  p.  414). 

A.  Structure  of  the  Asexual  Stage  of  Obelia 

The  general  appearance  of  the  asexual  colonial  form  of 
this  animal  is  superficially  plant-like.  It  consists  of  a 
colony  of  attached  individuals,  termed  zooms,  which  are 
connected  by  a  common  stalk  (W.  f.  118,  A).  The  stalk  is 
differentiated  into  two  portions:  first,  the  part  known  as 
the  hydrorhiza,  which  is  attached  to  some  convenient  solid 
object  in  the  water ;  and  second,  the  branches,  or  hydrocauli, 
which  arise  from  the  hydrorhiza  and  bear  the  hydranths  at 
their  tips.  Both  of  these  portions  of  the  stalk  are  composed 
of  an  outer,  transparent,  exoskeletal  sheath,  the  perisarc, 
which  is  non-living,  and  an  inner,  living  portion,  the 
coenosarc,  which  is  continuous  with  the  living  material  of 
the  hydranths  (W.  f.  118,  A :  5,  6). 

The  zooids  composing  a  typical,  fully-developed  colony  are 
of  two  kinds.  There  are,  first,  the  nutritive  zooms,  or 
hydranths,  each  of  which,  from  a  structural  standpoint,  may 
be  regarded  as  comparable  to  a  separate  Hydra  with  a  stalk 
attached,  and  second,  the  reproductive  zooids,  or  gonangia, 
which  have  become  greatly  modified  for  the  purpose  of 
1  Woodruff,  pp.  217-220. 
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asexual  reproduction  and  are  dependent  upon  the  nutritive 
zooids  for  their  nutrition. 

The  body  wall  of  a  zooid  is  composed,  like  that  of  Hydra,  of 
an  outer  layer  of  ectoderm  and  an  inner  layer  of  endoderm 
(W.  f.  118,  A:  1,  2).  Between  these  two  layers  there  is  a 
thin  layer  of  the  non-cellular  mesogloea.  Tentacles  are 
present  and  surround  a  central  mouth  opening  which  leads 
into  the  enteric  cavity.  The  living  coenosarc,  which  is 
continuous  throughout  the  colony,  has  the  same  structure 
as  does  the  body  wall  of  a  zooid,  and  it  is  to  be  regarded  in 
fact  as  a  continuation  of  the  body  wall  of  the  zooid  (W.  f.  118, 
A:  3,4 )•  In  other  words,  the  bodies  of  the  hydra-like  zooids 
can  be  thought  of  as  having  become  differentiated  into  an 
anterior  portion,  the  hydranths  proper,  and  a  greatly  elon¬ 
gated,  posterior  portion,  the  coenosarc.  Surrounding  the 
entire  colony  is  the  non-living  perisarc,  formed  as  a  secretion 
by  the  ectoderm  cells  (W.  f.  118,  A :  6,  7,  10). 

In  a  }mung  colony  of  Obelia,  all  of  the  zooids  are  of  the 
nutritive  type,  but,  as  a  colony  gets  older,  the  gonangia  are 
formed,  which  are  specialized  for  the  sole  purpose  of  asexual 
reproduction.  They  are  club-shaped  and  consist  of  an  outer 
covering  (gonotheca)  which  is  a  continuation  of  the  perisarc, 
and  an  inner  portion  (blasto  style)  which  is  a  continuation 
of  the  living  coenosarc  of  the  stalk.  On  this  central,  club- 
shaped  blastostyle,  a  number  of  little  swellings,  the  medusa 
buds,  appear,  each  of  which  develops,  while  still  attached 
to  the  blastostyle,  into  a  tiny  jellyfish,  or  medusa.  When 
fully  formed,  the  medusae  become  detached  from  the  blas¬ 
tostyle  and  float  out  through  an  opening  in  the  distal 
end  of  the  gonotheca,  and  each  takes  up  its  independent 
existence  (W.  f.  118,  A:  8,  9). 

B.  Structure  of  the  Sexual  Stage  of  Obelia 

Inasmuch  as  the  medusae  of  Obelia  are  very  small,  we  shall 
describe  another  species  of  medusa,  known  as  Gonione- 
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mus.  The  latter  has  practically  the  same  structure  as  a 
medusa  of  Obelia,  but  is  more  easily  studied  (W.  f.  118,  B). 

Gonionemus  resembles  in  shape  a  flattened  dome  or  um¬ 
brella  when  seen  from  a  side  view  (W.  f.  119,  B).  The  outer 
convex  surface  is  called  the  ex-umbrella,  or  aboral,  surface. 
Attached  to  the  edge  of  the  ‘umbrella’  are  numerous  tentacles. 
The  under,  concave  surface  is  called  the  sub-umbrella,  or 
oral,  surface.  The  opening  on  the  oral  surface  is  partly 
closed  by  a  circular,  perforated  membrane,  the  velum,  which 
is  attached  near  the  base  of  the  tentacles  (W.  f.  119,  B :  v). 

Suspended  from  the  center  of  the  oral  surface  is  the 
manubrium,  which  ends  in  a  wide-lipped  mouth  (W.  f.  118, 
B :  1 ).  The  lips  are  known  as  the  oral  lobes.  The  manu¬ 
brium,  near  its  attachment  to  the  oral  surface  of  the  bod}^ 
merges  into  four  radial  canals.  These  run  at  right  angles  to 
each  other  from  the  manubrium  to  the  edge  of  the  body  near 
where  the  tentacles  are  attached,  and  there  they  connect 
with  the  circular  canal  which  encircles  the  body.  The 
enteric  cavity,  which  begins  in  the  manubrium,  is  continuous 
throughout  the  radial  and  circular  canals.  The  sexual  re¬ 
productive  organs,  or  gonads,  are  suspended  from  the  radial 
canals,  and  they  may  be  either  male  or  female.  The  sexes 
are  separate  in  Gonionemus,  and  the  condition  is,  therefore, 
unlike  that  in  Hydra  (W.  f.  118,  B:  3,  4)- 

Ectoderm.  The  body  of  Gonionemus  is  similar  in  con¬ 
struction  to  that  of  all  Coelenterates.  It  consists  of  an  outer 
layer  of  ectoderm  and  an  inner  layer  of  endoderm.  The  two 
cellular  layers  are  separated  by  the  non-cellular  mesogloea. 
The  cells  of  the  ectoderm  form  an  outer  covering  over  the 
entire  body,  including  the  oral  and  aboral  surfaces  and  ten¬ 
tacles.  The  nematocysts  are  confined  to  the  tentacles. 
The  tentacles  also  bear  a  number  of  adhesive  disks  which  arise 
as  modifications  of  the  ectoderm  cells. 

The  ectodermal  nerve  cells  are  more  highly  developed  in 
Gonionemus  than  in  Hydra,  and  both  sensory  and  motor 
nerve  cells  are  present.  In  the  ectoderm  near  the  attachment 
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of  the  velum,  the  nerve  cells  are  grouped  to  form  the  nerve 
rings.  The  latter  encircle  the  body  in  the  region  near  the 
circular  canal.  The  cells  of  the  nerve  ring  are  chiefly  motor  in 
function  (W.  f.  119 ,B:  nv,  nvf) .  Two  types  of  specialized  sense 
organs  are  formed  in  the  ectoderm.  At  the  base  of  each  tentacle 
there  is  a  spherical  cavity  containing  pigmented  ectodermal 
cells,  while  between  the  bases  of  the  tentacles  appear  small, 
solid,  ectodermal  outgrowths,  known  as  statocysts,  which 
are  believed  to  function  as  organs  of  equilibration  (W.  f.  118, 
B :  5).  The  sense  organs  of  Obelia  are  able  to  receive  certain 
stimuli  from  the  environment  and  pass  an  impulse  on  to  the 
inner  nerve  cells.  This  is  exactly  what  the  sense  organs  do  in 
the  higher  animals. 

The  stimuli  received  by  the  sensory  cells  are  also  able 
to  bring  about  a  high  type  of  coordinated  swimming  move¬ 
ment.  In  swimming,  there  is  a  rhythmic  contraction  of 
the  entire  body  brought  about  by  the  muscular  elements 
present  in  the  cells  of  both  the  ectoderm  and  the  endoderm, 
under  the  control  of  the  motor  nerve  cells.  The  contraction 
results  in  a  decrease  in  the  volume  of  the  oral  space  between 
the  velum  and  the  top  of  the  oral  surface.  A  portion  of  the 
water  which  fills  this  space  is  thus  driven  out  with  consider¬ 
able  force  through  the  central  opening  in  the  velum  (W.  f. 
119,  B).  As  a  result,  the  animal  is  driven  forward,  that  is, 
aborally,  at  each  contraction.  As  soon  as  the  water  has 
been  forced  out  the  contraction  ceases,  the  oval  space  again 
assumes  normal  size,  and  is  filled  with  water  as  at  first.  This 
rhythmic,  swimming  movement  in  Gonionemus  presents  a 
high  type  of  coordination  between  the  nerve  and  muscle 
elements. 

Endoderm.  The  inner  layer  of  endoderm  cells  forms  the 
lining  of  the  main  enteric  cavity  in  the  manubrium  as  well  as 
its  continuation  in  the  radial  and  circular  canals.  These 
cells  have  the  same  structure  and  function  as  in  Hydra.  The 
non-cellular,  secreted  mesogloea,  lying  between  the  ectoderm 
and  endoderm,  has  the  same  general  character  in  all  Coelen- 
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terates,  but  in  Gonionemus  and  other  jellyfishes  a  very  much 
greater  amount  is  present  than  in  the  Hydra-like  animals. 
It  really  forms  the  larger  part  of  the  body  wall  in  these 
types ;  that  is,  the  body  wall  may  be  said  to  consist  of  a  thick 
layer  of  mesogloea,  covered  on  the  outside  by  a  thin  layer  of 
ectoderm  cells  and  on  the  inside  by  a  thin  layer  of  endoderm 
cells  (W.  f.  119,  B:  msgl ). 

While  at  first  glance  one  fails  to  observe  any  great  similar¬ 
ity  between  the  structure  of  Hydra  and  that  of  a  medusoid 
form  like  Gonionemus,  nevertheless,  both  are  built  upon  the 
same  fundamental  body  plan.  The  jellyfish  type  is  more 
flattened  than  the  Hydra  type,  but  the  various  parts  of  the 
body  occupy  practically  the  same  position  in  the  two  forms, 
the  greatest  difference  between  the  two  being  the  relatively 
large  amount  of  mesogloea  present  in  the  medusa  type. 
(W.  f.  119.) 


C.  Life  Processes  of  Obelia 
1.  Nutrition 

In  the  attached,  colonial  stage  of  Obelia,  the  various  proces¬ 
ses  involved  in  the  capture,  ingestion,  digestion,  and  assimi¬ 
lation  of  food,  as  well  as  egestion  and  excretion,  are  so  nearly 
like  those  of  Hydra  that  no  general  description  is  necessary. 
Any  surplus  of  food  from  the  nutritive  zooids  goes  by  way 
of  the  coenosarc  to  the  support  of  the  colony  as  a  whole, 
particularly  for  the  development  of  the  stalk  and  the  repro¬ 
ductive  zooids. 

In  the  free-swimming  medusae  there  are  certain  methods 
of  food  capture,  which  should  be  noted.  Gonionemus 
secures  its  food  in  two  ways.  When  it  is  moving  through 
the  water,  the  food  which  comes  in  contact  with  the  tentacles 
is  captured  and  conveyed  to  the  mouth  by  them.  These 
tentacles,  owing  to  the  sensory  nerve  cells  which  are  scat¬ 
tered  through  the  ectoderm,  are  very  sensitive  to  stimuli, 
and  small  animals,  which  come  into  contact  with  them,  bring 
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about  a  quick  response.  There  is  an  explosion  of  the  ne- 
matocysts,  and  the  prey  is  at  once  paralyzed  by  the  poisoned 
stinging  hairs.  It  is  then  conveyed  to  the  mouth  by  the 
tentacles.  Gonionemus  also  feeds  when  it  is  quiet.  This 
method  of  feeding  can  be  demonstrated  with  a  living  specimen 
in  a  small  dish  of  sea  water.  The  animal,  when  quiescent, 
lies  on  the  bottom  of  the  dish  with  the  oral  surface  up.  In 
this  position  the  tentacles  and  the  oral  lobes  of  the  manu¬ 
brium  are  able  to  secure  any  bits  of  food  that  may  fall  on 
them  from  the  surface  of  the  water.  For  example,  bits  of 
clam  meat  may  be  dropped  on  the  animal,  and  their  capture 
and  ingestion  easily  seen.  Any  food  captured  by  the  animal 
is  taken  into  the  enteric  cavity  through  the  mouth.  Diges¬ 
tion  as  in  Hydra  occurs  both  by  intracellular  and  inter¬ 
cellular  methods.  A  portion  of  the  food  passes  from  the 
enteric  cavity,  or  ‘stomach,’  at  the  base  of  the  manubrium, 
through  the  radial  and  circular  canals  where  it  is  absorbed, 
and  thus  the  entire  organism  is  nourished. 

2.  Reproduction 

The  reproduction  of  the  colonial  Obelia  is  entirely  asexual, 
and  may  take  place  either  by  a  budding  and  growth  of  the 
stalk  or  by  the  formation  of  specialized  medusa  buds  in  the 
reproductive  zooids. 

In  the  first  type  mentioned  in  which  the  stalk  buds,  the 
hydrorhiza  of  an  Obelia  colony  grow  along  the  substratum 
to  which  the  colony  is  attached.  At  certain  intervals  the 
upright  stems,  or  hydrocauli,  which  bear  the  zooids,  are 
formed  from  the  hydrorhiza.  The  nutritive  zooids  thus 
formed  furnish  an  additional  supply  of  food  material  so  that 
the  hydrorhiza  can  continue  to  grow. 

In  the  formation  of  medusa  buds,  Obelia  exhibits  a  highly 
specialized  type  of  asexual  reproduction  which  leads  directly 
to  the  consideration  of  the  phenomenon  of  alternation  of 
generations.  The  free-swimming  medusa,  produced  in  the 
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reproductive  zooids  by  asexual  budding,  develop  either 
ovaries  or  testes.  The  gonads  of  either  sex  are  attached, 
as  previously  stated,  to  the  radial  canals  of  the  medusa,  and 
no  external  morphological  differentiation  is  to  be  noted  be¬ 
tween  the  two  sexes.  When  sexually  mature,  the  eggs 
break  out  of  the  ovary  of  a  female  medusa  directly  into  the 
sea  water.  Similarly,  from  the  testes  of  a  male,  active  sperm 
are  liberated.  These  swim  freely  through  the  water  to  the 
eggs,  and  fertilization,  followed  by  cleavage,  occurs  as  in 
Hydra.  The  result  of  the  first  stages  in  development  is  the 
formation  of  a  tiny,  ciliated  embryo,  known  as  the  planula 
(W.  f.  118,  C).  The  planula  swims  around  for  a  time,  then 
becomes  attached  to  some  suitable  solid  material  in  the  water. 
It  soon  begins  to  change  its  form  and  to  develop  into  the 
attached,  colonial  asexual  phase  of  Obelia  with  which  we 
began  the  study  of  the  life  history. 


XVII.  EARTHWORM1 


The  common,  widely  distributed  Earthworm  is  a  good 
example  of  a  large  group  of  segmented  worms,  known  as  the 
Annelida,  which  are  present  in  the  soil  practically  all  over 
the  world.  Due  to  the  fact  that  the  Earthworm  possesses  a 
number  of  structural  features  which  are  of  considerable  im¬ 
portance  in  interpreting  those  of  the  higher  types  of  animal 
life,  it  is  a  particularly  valuable  form  for  study.  These  struc¬ 
tural  features  may  be  enumerated  as  follows  : 

(1)  The  Earthworm  is  a  triploblastic  animal ;  the  three 
primary  germ  layers,  ectoderm,  mesoderm,  and  endoderm, 
being  present  as  in  higher  animals,  and  in  contrast  to  dip- 
loblastic  animals  like  Hydra  (W.  p.  120). 

(2)  The  Earthworm  shows  a  definite  segmentation,  or 
metamerism  of  the  body ;  that  is  to  say,  the  body  is  com¬ 
posed  of  a  large  number  of  distinct  segments  which  are 
known  as  somites,  or  metameres.  Varying  degrees  of 
segmentation  are  present  in  the  higher  forms  of  animals 
(W.  p.  121). 

(3)  The  Earthworm  possesses  a  body  cavity,  or  coelom, 
lying  between  the  body-wall  and  the  tubular  alimentary 
canal.  Thus,  the  body  plan  may  be  described  as  a  tube 
within  a  tube.  This  type  of  structure  is  present  in  higher 
forms,  but  it  is  not  found  in  the  Coelenterates,  in  which  the 
body  may  be  said  to  consist  of  a  single  tube  (W.  p.  121). 

(4)  The  Earthworm  shows  a  bilateral  symmetry  which 
means  a  two-sided,  or  right  and  left,  symmetry.  As  a  rule, 
the  organs  in  such  a  case  are  paired ;  one  on  the  right  side 
of  the  body  and  one  on  the  left  side.  In  such  animals  there 

1  Woodruff,  pp.  121-129. 
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is  only  one  plane  which  will  divide  the  animal  into  symmetri¬ 
cal  halves.  Bilateral  symmetry  is  still  more  pronounced 
in  the  higher  animal  types  (W.  pp.  122-124). 

(5)  The  Earthworm  possesses  a  number  of  definite  systems 
of  organs  for  performing  various  necessary  functions,  such 
as  nutrition,  circulation,  excretion,  reproduction,  sensation, 
and  movement  (W.  pp.  59-60). 

A.  External  Structure 

The  common  Earthworm  has  an  elongated,  cylindrical, 
segmented  body  which  varies  in  length  from  a  few  inches 
to  approximately  a  foot.  Other  species  of  Earthworms  are 
known  which  may  reach  a  length  of  two  or  three  feet.  One 
end  of  the  body  tapers  down  to  a  somewhat  blunt  point  in 
contrast  to  the  opposite  end,  which  is  somewhat  flattened. 
A  study  of  the  animal  shows  that  the  more  pointed  end  is 
the  anterior,  or  head,  end,  and  the  opposite  is  the  posterior,  or 
tail,  end.  The  Earthworm  may  be  said,  therefore,  to  show  an 
anteroposterior  differentiation,  or,  in  other  words,  a  difference 
between  the  two  ends.  Furthermore,  the  worm,  when 
crawling  along,  maintains  as  a  general  rule  the  same 
part  of  the  body  in  contact  with  the  solid  surface.  An 
examination  of  the  body  will  show  that  this  lower,  or 
ventral,  surface  on  which  the  worm  crawls  is  somewhat 
flattened  as  compared  with  the  upper,  or  dorsal,  surface. 
A  differentiation  between  these  two  surfaces,  as  shown  in 
the  Earthworm,  is  known  as  dorsoventral  differentiation. 

The  number  of  segments  present  in  the  body  varies  con¬ 
siderably  in  individual  worms,  but  all  the  segments  have  es¬ 
sentially  the  same  structure.  Certain  differences,  however, 
may  be  noted.  The  first  segment  at  the  anterior  end  of  the 
body  has  an  overhanging  dorsal  projection,  known  as  the  pro- 
stomium,  which  forms  a  lip-like  structure  over  the  mouth 
(W.  f.  67,  5).  In  the  last  segment  of  the  body  is  the  slit¬ 
shaped  anal  opening.  About  one-third  of  the  distance  back 
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from  the  anterior  end  a  few  segments  are  differentiated  to 
form  a  swollen  glandular  structure,  termed  the  clitellum, 
which  functions  in  connection  with  reproduction. 

If  an  Earthworm  is  grasped  by  one  hand,  and  the  body 
drawn  through  the  fingers  of  the  other  hand,  a  roughness  will 
be  noted.  This  is  due  to  the  presence  in  each  segment  of 
tiny  bristles,  or  setae,  which  project  through  definite  open¬ 
ings  in  the  skin.  Each  segment  has  eight  setae  arranged 
in  four  pairs.  The  setae  are  in  corresponding  positions  in 
each  segment,  so  that  four  double  rows  of  setae  are  formed 
which  run  the  entire  length  of  the  body.  Two  of  the  double 
rows  are  on  the  ventral  surface,  one  double  row  on  the  right, 
and  one  on  the  left  side. 

Structure  of  the  Body  Wall.  A  microscopical  ex¬ 
amination  of  a  prepared  transverse  section  through  the  body 
wall  of  the  Earthworm  shows  that  it  consists  of  five  layers, 
as  follows  (W.  f.  68) : 

(1)  The  outermost  layer  consists  of  a  very  thin,  trans¬ 
parent  membrane,  known  as  the  cuticle.  This  is  not  a 
cellular  layer,  but  is  formed  as  a  secretion  by  (2)  the  epidermal 
cells  which  lie  directly  underneath.  Most  of  the  epidermal 
cells  contain  pigment,  especially  those  on  the  dorsal  side 
of  the  animal,  with  the  result  that  the  animal  is  somewhat 
darker  on  the  dorsal  side.  Many  of  the  epidermal  cells 
are  able  to  secrete  a  mucus  which,  passing  out  through 
openings  in  the  cuticle,  covers  the  body.  Sensory  cells  are 
present  in  the  epidermis  (W.  f.  101,  sc).  (3)  The  next  layer  of 
the  body  wall  consists  of  circular  muscle  tissue.  This  layer  is 
formed  from  a  great  many  long,  spindle-shaped  muscle  cells 
which  are  so  arranged  that  when  they  contract  the  diameter 
of  the  body  is  decreased.  (4)  Beneath  the  circular  muscle 
layer  is  a  thick  layer  of  longitudinal  muscle  tissue  in  which 
the  cells  are  arranged  with  their  long  axes  parallel  to  the 
long  axis  of  the  body  so  that  when  they  contract  they  cause 
a  decrease  in  the  length  of  the  animal.  (5)  The  innermost 
layer  of  the  body  wall  is  known  as  the  coelomic  epithelium. 
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It  consists  of  a  single  layer  of  flattened  epithelial  cells  which 
line  the  coelom. 

In  a  transverse  section,  the  finer  structure  of  the  setae, 
which  are  present  in  each  segment,  may  be  observed.  Each 
seta  consists  of  a  single  bristle  embedded  in  the  body  wall 
(W.  f.  68,  set).  It  is  long  enough  to  project  a  slight  distance 
beyond  the  exterior  surface  of  the  body  at  one  end  and,  at 
the  other  end,  to  project  into  the  coelomic  cavity.  The 
basal  end  of  each  seta  is  covered  over  by  a  number  of 
muscle  fibers  which  are  attached  to  the  nearby  bod}'  wall. 
The  arrangement  and  attachment  of  the  muscle  fibers  to  the 
setae  is  similar  in  each  case,  and  is  of  such  a  nature  that 
the  ends  of  the  setae,  which  project  externally  through  the 
body  wall,  can  be  pointed  either  anteriorly  or  posteriorly 
by  a  contraction  of  the  proper  fibers.  The  result  is  that  they 
can  be  used  by  the  worm  as  an  aid  in  locomotion. 

B.  Internal  Organs 

In  the  worm,  the  coelom  is  not  a  single,  open  space 
running  from  the  anterior  to  the  posterior  end  of  the  body, 
but  is  divided  into  as  many  compartments  as  there  are  seg¬ 
ments  in  the  body.  These  divisions  of  the  coelom  are  due  to 
membranous,  dividing  walls,  or  septa,  which  are  attached 
both  to  the  body  wall  and  to  the  alimentary  canal.  Each  of 
the  segmental  grooves,  which  can  be  seen  on  the  external 
surface  of  an  Earthworm,  mark  the  place  of  attachment  of 
a  septum.  (W.  fs.  66,  A,  B;  66,  C :  ds;  67,  4-) 

1.  Alimentary  Canal 

Beginning  with  the  mouth  opening  at  the  extreme  anterior 
end  of  the  body,  the  alimentarjr  canal  continues  as  a  closed 
tube  throughout  the  entire  length  of  the  animal,  and  finally 
ends  at  the  anal  opening  situated  at  the  extreme  posterior  end. 
The  following  regions  are  present : 


122 


MANUAL  OF  BIOLOGICAL  FORMS 


The  pharynx  extends  from  the  mouth  to  the  sixth  segment. 
It  is  a  heavy-walled,  spindle-shaped  structure  and  is  attached 
to  the  body  wall  by  a  great  many  fine  muscular  fibers  (W.  f. 
67,  7,  5,  9 ). 

The  oesophagus  begins  at  the  posterior  end  of  the 
pharynx  in  the  region  of  the  sixth  segment  and  continues 
posteriorly  as  a  thin-walled,  undifferentiated  tube  to  the 
fourteenth  segment,  where  it  connects  with  the  crop  and 
gizzard.  Three  pairs  of  calciferous  glands  open  into  the 
oesophagus  near  its  posterior  end  (W.  f.  67,  10,  11,  15,  16). 

The  crop  and  gizzard  constitute  sac-like  enlargements  of 
the  alimentary  canal  lying  between  segments  14  and  18. 
Although  of  about  the  same  size  and  shape,  these  two  organs 
differ  considerably  in  structure.  The  crop  is  thin-walled 
and  elastic  and  serves  for  the  temporary  storage  of  food, 
whereas  the  gizzard  has  heavy,  muscular  walls,  and  is  adapted 
for  grinding  the  food  (W.  f.  67,  12,  13). 

The  intestine  has  its  beginning  at  about  the  18th  segment 
and  continues  as  a  straight,  thin- walled  tube  to  the  posterior 
end  of  the  body,  where  it  ends  at  the  anal  opening.  In  each 
segment  there  is  a  slight  out-pouching  of  the  intestinal  wall 
(W.  f.  67,  14). 

Structure  of  the  Intestinal  Wall.  A  microscopic 
examination  of  a  prepared  transverse  section  through  the 
alimentary  canal  of  an  Earthworm,  in  the  region  of  the 
intestine,  shows  the  following  arrangement  of  tissues 
(W.  f.  68) : 

The  transverse  section  is  nearly  circular  in  outline.  The 
central  cavity,  or  lumen,  of  the  intestine  is  partly  filled  by 
an  infolding  of  glandular  and  absorptive  tissue  from  the  dorsal 
wall,  thus  forming  the  typhlosole,  which  runs  practically 
the  entire  length  of  the  intestine  and  greatly  increases 
the  absorptive  surface  of  the  latter  (W.  f.  68,  typh). 

The  outer  surface  of  the  alimentary  canal  is  covered  by  a 
layer  of  large,  irregularly-shaped  gland  cells,  known  as  the 
chloragogue  layer,  which  contain  a  large  number  of 
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yellowish-green  pigment  granules  scattered  through  their 
cytoplasm.  The  layer  of  chloragogue  cells  continues  into  the 
typhlosole  and,  indeed,  forms  the  greater  portion  of  this 
structure  (W.  f.  68,  hep). 

Lying  just  within  the  chloragogue  layer  is  a  layer  of  circular 
muscle  tissue  which  forms  a  band  running  entirely  around 
the  intestine.  Just  as  in  the  body  wall,  the  contraction  of  the 
muscle  fibers  of  this  layer  brings  about  a  reduction  in  the 
diameter  of  the  alimentary  tract.  Numerous  bundles  of 
muscle  fibers,  running  lengthwise  of  the  alimentary  canal,  lie 
below  the  circular  muscular  layer.  They  do  not  form  so 
definite  a  layer  as  the  circular  muscles,  and  are  arranged  in  a 
somewhat  irregular  fashion.  Numerous  blood  vessels  are 
present  in  the  muscle  tissue  of  the  intestine.  These  vessels 
break  up  into  many  very  fine,  thin-walled  branches,  the 
capillaries.  The  latter  receive  the  absorbed  food  materials 
and  pass  them  on  to  the  other  larger  vessels  which  transport 
them  to  all  parts  of  the  body. 

The  innermost  layer  of  the  alimentary  canal,  known  as  the 
lining  epithelium,  is  composed  of  endoderm  cells  which 
are  responsible  primarily  both  for  the  digestion  of  the  food 
material  and  its  absorption  after  it  has  been  digested.  There 
are  in  fact  two  types  of  these  endoderm  cells,  the  gland  cells 
and  the  absorptive  cells.  The  gland  cells  secrete  digestive 
ferments,  or  enzymes,  which  are  comparable  to  those  present 
in  other  animal  forms,  and  have  the  power  to  change,  or  di¬ 
gest,  the  food  so  that  it  can  be  absorbed.  The  gland  cells 
vary  considerably  in  size  and  shape,  depending  upon  the 
amount  of  material  they  contain.  The  absorptive  cells  are 
quite  regularly  arranged  between  the  gland  cells.  They  are 
adapted  for  absorbing  the  digested  food  material  from  the 
cavity  of  the  intestine  and  transferring  it  to  the  blood  stream 
for  transportation  to  all  parts  of  the  body.  The  bodies  of  the 
absorptive  cells  are  quite  large,  and  the  free  ends,  which  with 
the  gland  cells  line  the  intestine,  are  ciliated. 

Physiology.  The  Earthworm,  as  its  name  indicates,  is 
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adapted  for  living  in  the  soil.  The  holes,  or  burrows,  which 
it  makes,  vary  in  depth  from  a  few  inches  to  several  feet, 
depending  upon  the  nature  of  the  soil.  In  all  cases,  the 
burrows  are  formed  by  the  Earthworm  literally  ‘eating  a 
hole’  in  the  soil.  All  the  materials  from  the  burrow  are 
taken  into  the  alimentary  canal  through  the  mouth  opening, 
passed  through  the  entire  length  of  the  canal,  and  finally 
egested  through  the  anal  opening  as  castings,  or  faeces.  The 
castings  are  voided  around  the  hole  at  the  surface  of  the  soil, 
where  they  form  little  mounds  of  earth.  The  great  number 
of  Earthworms  present  in  the  soil  of  many  regions,  together 
with  their  habit  of  almost  continual  burrowing,  makes  it 
possible  for  them  thus  to  bring  considerable  quantities  of 
soil  from  lower  depths  to  the  surface.  It  has  been  estimated 
that,  in  some  localities,  as  much  as  18  tons  of  soil  per  acre  is 
annually  brought  to  the  surface  in  this  manner. 

This  method  of  burrowing,  by  eating  through  the  soil,  not 
only  provides  the  Earthworm  with  a  method  of  home-building, 
but  it  also  constitutes  an  important  source  of  its  food  supply, 
for,  as  the  soil  passes  through  the  alimentary  canal,  much 
of  the  organic  material  there  present  is  utilized  for  food, 
while  the  indigestible  inorganic  material  of  the  soil  passes 
on  out  of  the  body  as  faeces.  In  addition  to  obtaining  food 
from  the  materials  in  the  soil,  the  Earthworm  when  it  comes 
to  the  surface,  generally  at  night,  secures  other  organic 
materials  which  can  be  utilized  for  food. 

In  the  ingestion  of  food  material  the  muscular  pharynx 
plays  a  great  part.  When  the  mouth  is  applied  to  some 
suitable  object,  the  muscle  fibers,  which  run  from  the  pharynx 
to  the  body  wall,  contract.  This  enlarges  the  pharynx,  and 
the  resulting  suction  aids  in  drawing  the  food  through  the 
mouth  and  into  the  pharynx.  The  ingested  material  passes 
through  the  pharynx  and  oesophagus.  At  the  posterior  end 
of  the  latter  a  secretion,  consisting  largely  of  calcium  car¬ 
bonate,  is  added  to  the  food,  which  probably  aids  in  neutral¬ 
izing  any  acid  condition  which  may  be  present.  The  ma- 
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terial  passes  next  into  the  crop,  which  serves  only  as  a 
temporary  storage  place,  and  then  into  the  muscular  gizzard, 
where  it  is  ground.  Finally,  the  ingested  material  is  passed 
into  the  tubular  intestine,  and,  as  it  moves  slowly  through 
this  part  of  the  alimentary  canal,  the  endoderm  cells  carry 
on  the  digestive  and  absorptive  processes. 

2.  Vascular  System 

In  the  Earthworm,  a  specialized  circulatory  system,  which 
has  as  its  function  the  transportation  of  various  kinds  of 
material  to  all  regions  of  the  body,  is  present.  Such  a  system 
forms  a  necessary  part  of  the  structure  of  all  the  higher  forms 
of  animals.  It  consists  of  (1)  a  circulating  medium,  the 
blood,  which  is  adapted  for  transporting  the  various  ma¬ 
terials,  and  composed  of  a  fluid  portion,  the  plasma,  con¬ 
taining  an  enormous  number  of  isolated  living  cells,  the 
blood  corpuscles.  (2)  The  blood  is  contained  in  a  system 
of  connected,  closed,  muscular-walled  tubes,  the  blood  ves¬ 
sels.  (3)  Specialized  portions  of  the  blood  vessels,  hearts, 
drive  the  blood  through  the  vessels  by  means  of  rhythmical, 
muscular  contractions.  There  is  also  present  in  such  types  of 
circulatory  systems,  (4)  a  series  of  lymph  spaces  permeating 
the  tissues,  by  means  of  which  the  fluid  portion  of  the  blood 
can  come  into  close  contact  with  the  living  cells  of  the  tissues. 

In  the  circulatory  system  of  the  Earthworm,  there  are  two 
main  blood  vessels  running  lengthwise  of  the  body.  The 
larger  of  these  is  the  dorsal  blood  vessel  which  lies  on  the 
dorsal  side  of  the  alimentary  canal  (W.  f.  66,  C :  d.  v.).  Ven¬ 
tral  to  the  alimentary  canal,  in  the  same  relative  position, 
is  the  ventral  blood  vessel  (W.  f.  66,  C :  s.  i.).  These  two 
vessels  are  directly  connected  by  five  pairs  of  comparatively 
heavy-walled,  contractile  hearts,  known  as  the  aortic  loops, 
which  lie  in  the  anterior  end  of  the  body  between  segments 
8  and  14  (W.  f.  66,  C :  a;  67,  19,  20).  Three  other  longitudi¬ 
nal  vessels  occur  in  the  Earthworm.  These  are  smaller 
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than  the  dorsal  and  ventral  vessels,  and  lie  near  the  ventral 
body  wall  in  close  contact  with  the  ventral  nerve  cord ;  one 
vessel,  the  sub-neural,  lying  below  the  nerve  cord  and  the 
other  two  vessels,  the  lateral-neurals,  situated  one  to  the 
right  and  the  other  to  the  left  of  the  nerve  cord.  (W.  f.  67,  23.) 

In  each  segment  of  the  Earthworm,  paired  branches  are 
given  off  from  the  longitudinal  vessels.  These  run  to  the 
various  organs  and  to  the  body  wall,  dividing  into  very  fine 
branches,  or  capillaries,  among  the  tissues.  The  principal 
segmental  vessels  are : 

(1)  The  parietal  vessels,  a  pair  of  which  are  given  off  in 
each  segment  by  the  dorsal  blood  vessel.  They  run  along 
the  septa  and  out  to  the  body  wall,  giving  off  branches  to  the 
tissues  of  the  body  wall,  and  also  to  the  paired,  segmental 
excretory  organs,  the  nephridia,  before  ultimately  connecting 
with  the  sub-neural  vessel  (W.  f.  67,  18). 

(2)  The  intestinal  vessels,  two  or  three  pairs  of  which 
are  given  off  in  each  segment  from  the  dorsal  vessel,  which  run 
directly  into  tissues  of  the  alimentary  canal,  where  they  break 
up  into  capillaries.  These  capillaries  in  turn  connect  with 
capillaries  leading  to  branches  of  the  ventral  vessel. 

(3)  segmental  branches  are  given  off  by  the  ventral 
vessel  which  run  into  the  alimentary  canal,  to  the  body 
wall,  and  to  the  nephridia,  where  they  connect  with  the 
branches  running  to  the  dorsal  vessel  (W.  f.  66,  C :  c.  v.). 

The  general  course  of  the  circulation  of  the  blood  in  an 
Earthworm  is  as  follows :  Starting  at  the  posterior  end  of 
the  body,  the  blood  moves  forward  in  the  dorsal  vessel.  The 
movement  is  due  to  rhythmic  waves  of  contraction,  or 
peristalsis,  in  the  muscular  walls  of  the  dorsal  vessel,  which 
begin  at  the  posterior  end  of  the  vessel  and  move  anteriorly 
in  a  regular  manner.  The  paired,  segmental  vessels,  men¬ 
tioned  above,  empty  blood  into  the  dorsal  vessel,  which  is 
then  forced  forward  as  a  result  of  the  peristaltic  action.  At 
the  anterior  end  of  the  body  a  large  proportion  of  the  blood 
flows  into  the  aortic  loops.  These  vessels  contract  rhythmi- 
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cally  and  the  blood  is  forced  into  the  ventral  vessel.  Valves 
are  present  in  the  aortic  loops,  which  prevent  a  back-flow 
into  the  dorsal  vessel. 

The  general  movement  of  the  blood  in  the  ventral  vessel 
is  posterior,  although  a  small  amount  in  the  region  of  the 
aortic  loops  is  forced  to  the  extreme  anterior  end  of  the 
body.  The  ventral  vessel  is  not  contractile,  and  the  posterior 
flow  of  blood  in  it  is  due  to  the  contractions  of  the  aortic 
loops.  As  the  blood  moves  posteriorly  in  the  ventral  vessel 
it  is  forced  out  into  the  segmental  branches  leading  to  the 
body  wall,  alimentary  canal,  and  nephridia. 

Most  of  the  blood  from  the  body  wall  passes  through  paired 
segmental  branches  to  the  lateral-neural  vessels,  and  from 
them  to  the  sub-neural  vessel.  From  the  sub-neural  vessel, 
the  blood  flows  into  the  parietal  vessels  which,  after  receiving 
branches  from  the  nephridia  and  the  body  wall,  open  into 
the  dorsal  vessel.  The  blood  from  the  intestine  passes 
through  the  paired,  segmental  vessels  into  the  dorsal  vessel 
and  thus  completes  the  circuit. 

In  the  above  description  of  the  circulatory  system,  em¬ 
phasis  has  been  placed  upon  the  various  closed  vessels.  As  a 
matter  of  fact,  if  the  circulatory  system  consisted  only  of  the 
closed  tubes,  it  would  fail  to  function  in  supplying  the  needs 
of  the  cells.  So  all  through  the  tissues  there  are  lymph 
spaces.  The  plasma  of  the  blood,  with  some  of  the  cor¬ 
puscles,  is  able  to  ooze  through  the  thin  walls  of  the  capil¬ 
laries  into  these  lymph  spaces,  and  there  the  lymph,  as  this 
portion  of  the  blood  is  called,  actually  comes  into  contact 
with,  and  bathes,  the  cells.  In  this  way  the  interchange 
of  all  materials  between  the  blood  and  the  cells  takes  place. 
The  exuded  lymph  later  finds  its  way  back  into  the  regular 
circulation,  after  having  supplied  nourishment  to  the  cells 
and  collected  the  wastes. 

In  addition  to  the  circulation  of  blood  by  means  of  the 
regular  vascular  system,  the  Earthworm  has  an  open  type 
of  circulation  in  the  coelom.  The  latter  contains  the  coe- 
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lomic  fluid,  which  is  closely  related  to  the  blood  in  the  vessels 
both  in  composition  and  functions.  The  various  movements 
of  the  worm  bring  about  contractions  of  the  body,  with  the 
result  that  the  coelomic  fluid  is  driven  back  and  forth  in  an 
irregular  manner  through  openings  in  the  septa,  thus  bathing 
the  tissues  with  which  it  comes  into  contact  (W.  p.  162). 

3.  Respiratory  System 

The  blood  carries  to  the  cells  not  only  the  food  absorbed 
from  the  intestine,  but  also  oxygen  which,  as  we  know,  is 
absolutely  necessary  for  the  metabolic  activities.  Also  the 
blood  carries  the  metabolic  wastes,  both  liquid  and  gaseous, 
away  from  the  cells  to  the  proper  excretory  organs.  The 
gaseous  interchange  of  carbon  dioxide  for  oxygen  occurs  in 
the  Earthworm  at  the  surface  of  the  body.  The  body  wall, 
which  is  normally  kept  moist  by  the  secreted  mucus,  is 
also  richly  supplied  with  the  blood  vessels,  and  the  blood 
passing  into  the  body  wall  comes  into  close  contact  with  the 
oxygen  of  the  external  environment.  (W.  pp.  168-169.) 

4.  Excretory  System 

The  Earthworm  has  a  highly  developed  system  for  the 
excretion  of  the  liquid  wastes  of  the  body.  The  system  con¬ 
sists  of  numerous  tiny  coiled  tubes,  known  as  nephridia 
(singular  nephridium).  Except  in  the  first  three  or  four 
segments  there  are  two  nephridia  present  in  each  segment 
of  the  body.  They  lie  in  the  coelom,  below  the  alimentary 
canal,  and  close  to  the  ventral  body  wall,  through  which 
they  open.  In  each  segment  one  nephridium  lies  to  the  right 
and  one  to  the  left  of  the  median  ventral  nerve  cord  (W.  fs.  66, 
C:n;  67,25,26). 

Each  nephridium  consists  of  the  following  parts :  (1)  An 
enlarged,  funnel-like,  ciliated  opening,  the  nephrostome  ; 
(2)  a  long,  greatly  coiled  tube  which  lies  in  three  folds  and 
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consists  of  (3)  a  narrow,  thin-walled  intracellular  portion 
leading  from  the  nephrostome,  and  (4)  a  glandular  portion, 
covered  with  a  network  of  capillaries,  which  leads  to  the 
external  opening  through  the  ventral  body  wall  (W.  f.  68, 
neph).  A  nephridium  does  not  lie  entirely  in  one  segment, 
but  the  nephrostome  and  a  small  portion  of  the  connecting 
tubule  penetrate  the  posterior  septum  of  the  segment  just 
in  front  (W.  f.  96). 

The  nephridia  receive  the  liquid  body  wastes  by  two 
methods.  In  the  first  place,  certain  wastes  present  in  the 
coelomic  fluid  are  drawn  directly  into  the  nephridial  tubes 
by  the  action  of  the  cilia  present  in  the  nephrostomes  (W. 
f.  96,  a).  The  body  wastes,  which  have  been  collected  by  the 
blood  from  other  parts  of  the  body,  are  brought  to  the 
glandular  portion  of  the  nephridial  tubes  (W.  f.  96,  c).  The 
cells  there  present  are  able  to  take  the  wastes  from  the  blood 
and  pass  them  into  the  nephridial  tubes,  from  which  they  are 
conveyed  to  the  exterior  through  the  nephridial  openings  in 
the  ventral  body  wall  (W.  f.  96,  b). 

5.  Nervous  System \ 

The  Earthworm  possesses  a  well-developed  nervous  system 
consisting,  as  in  the  higher  animals,  of  the  central  nervous 
system  and  the  peripheral  nervous  system.  The  former 
consists  of  a  ventral  nerve  cord,  which  lies  in  a  median  line 
in  the  coelom,  ventral  to  the  alimentary  canal.  It  begins 
at  the  extreme  anterior  end  of  the  animal  and  continues 
throughout  its  entire  length,  enlarging  in  each  segment  to 
form  a  ganglion  (W.  fs.  66,  C :  v.  g.;  67,  29).  In  the  third 
segment,  just  under  the  anterior  end  of  the  pharynx,  the 
nerve  cord  divides  to  form  a  collar,  composed  of  the  circum- 
pharyngeal  connectives,  which  completely  encircles  the 
pharynx.  On  the  dorsal  side  of  this  collar,  lying  above  the 
pharynx,  is  a  bilobed  swelling  which  constitutes  the  cerebral 
ganglion.  This  may  be  regarded  as  the  brain  of  the 
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animal.  Running  forward  from  the  cerebral  ganglion  are 
a  number  of  nerve  fibers  which  innervate  the  extreme 
anterior  end  of  the  body.  (W.  fs.  66,  C :  c.g.;  67,  27 ;  73.) 

The  peripheral  nervous  system  consists  of  the  small  nerves 
which  are  given  off  from  the  central  nervous  system  in  each 
segment  and  which  innervate  the  various  parts  of  the  body. 
There  is  a  definite  arrangement  of  these  peripheral  nerves  in 
each  segment  as  fellows  :  (1)  Just  back  of  the  anterior  septum 
in  each  segment  a  pair  of  nerves  is  given  off,  one  of  the  pair 
penetrates  the  body  wall  on  the  right  side  of  the  body  and 
the  other  occupies  a  corresponding  position  on  the  left  side  of 
the  body ;  (2)  from  each  of  the  segmental  ganglia  of  the 
ventral  nerve  cord  two  pairs  of  nerves  arise,  two  of  which 
run  to  the  right  side  of  the  body  and  two  to  the  left ;  (3)  the 
extreme  anterior  segmental  ganglion,  located  in  the  fourth 
segment  just  posterior  to  where  the  nerve  cord  divides,  is 
known  as  the  suboesophageal  ganglion,  and  from  this 
ganglion  several  pairs  of  nerves  are  given  off  which  aid  in 
innervating  the  anterior  end  of  the  animal.  The  nerves 
running  anteriorly  from  the  cerebral  ganglion  are  also  a  part 
of  the  peripheral  nervous  system.  (W.  fs.  67  :  27,  28 ;  73.) 

A  microscopical  examination  of  a  transverse  section  of  the 
ventral  nerve  cord  in  the  region  of  a  segmental  ganglion  shows 
the  following  arrangement  of  tissues  :  The  ganglion  is  enclosed 
in  a  sheath  of  non-nervous  tissue,  composed  on  the  outside  of 
a  layer  of  epithelial  cells  similar  to  those  which  cover  various 
other  organs  in  the  coelom.  Below  this  epithelial  layer  is  a 
second  layer  of  the  sheath,  consisting  largely  of  connective 
tissue,  but  containing  numerous  muscle  fibers  and  blood 
vessels ;  the  principal  blood  vessels  being  the  two  lateral- 
neural  vessels,  one  of  which  lies  on  either  side  of  the  cord,  and 
the  sub-neural  vessel  lying  underneath.  Embedded  in  the 
dorsal  part  of  the  inner  sheath  layer  are  three  longitudinal, 
rod-like  fibrous  structures,  known  as  the  giant  fibers. 
The  middle  one  of  the  giant  fibers  is  much  larger  than  the 
other  two,  which  lie  laterally.  The  giant  fibers  run  the  entire 
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length  of  the  ventral  nerve  cord  and  have  a  supporting,  and 
possibly  also  a  nervous,  function.  (W.  f.  68,  n.  co.) 

The  nerve  tissue  in  a  ganglion  is  quite  clearly  divided 
into  right  and  left  halves,  and  thus  it  is  apparent  that  the 
ventral  nerve  cord,  which  appears  externally  as  a  single  cord, 
is  in  reality  double,  with  the  two  halves  fused  together.  The 
double  nature  of  the  ventral  cord  is  clearly  seen  in  some 
related  forms  in  which  two  distinct  ventral  cords  are  present. 
Two  types  of  nervous  tissue  may  be  noted  in  a  ganglion. 
There  are,  in  the  first  place,  numerous  nerve  cells,  or  neurons, 
especially  in  the  ventral  portion  of  each  ganglion,  in  each  of 
which  the  cell  body  is  extended  to  form  a  long  cell  process 
(W.  f.  102).  In  the  second  place,  the  main  portion  of  a  gan¬ 
glion  is  composed  of  a  mass  of  nerve  fibers,  each  of  which 
has  its  origin  in  a  neuron.  In  other  words,  the  processes  of 
the  neurons  grow  out  to  a  considerable  length,  thus  forming 
the  nerve  fibers.  The  latter  constitute  the  fibrous  material 
of  the  ganglia  and  also  form  the  peripheral  nerves  which  are 
given  off  from  the  nerve  cord. 

Physiology.  Experimental  studies  on  the  nerve  cells  of 
the  Earthworm  and  other  animals  show  that  from  the 
functional  standpoint  there  are  two  types,  known  as  the 
MOTOR,  or  EFFERENT,  and  the  SENSORY,  Or  AFFERENT.  The 
motor  nerve  cells  are  situated  chiefly  in  the  ventral  nerve 
cord,  while  the  sensory  nerve  cells  are  situated  in  the  outlying 
portions  of  the  body,  where  they  are  in  a  position  to  receive 
various  kinds  of  stimuli  from  the  environment.  The  periph¬ 
eral  nerves  running  from  the  ventral  nerve  cord  contain 
both  sensory  and  motor  nerve  fibers,  the  sensory  fibers  run¬ 
ning  into  the  ventral  nerve  cord  from  the  outlying  sensory 
cells,  and  the  motor  fibers  running  from  the  ventral  nerve 
cord  out  to  all  parts  of  the  body,  where  they  connect  with 
the  muscle  cells  (W.  f.  101). 

It  is  through  this  differentiation  of  the  nerve  cells  that  it  is 
possible  to  bring  about  coordinated  action  in  response  to  a 
stimulus.  For  example,  if  the  skin  of  a  living  Earthworm 
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is  touched  with  a  sharp-pointed  instrument,  there  will  be  an 
immediate,  coordinated  muscular  response.  In  such  a  case 
the  sensory  cells  in  the  skin  receive  the  stimulus  from  the 
instrument  (W.  f.  101,  sc).  The  nerve  impulse  goes  from 
them  over  the  sensory  fibers  to  the  ventral  nerve  cord. 
Here  the  message  is  transferred  to  the  particular  motor 
nerve  cells  which  connect,  by  their  motor  nerve  fibers,  with 
the  muscles  in  the  affected  region  (W.  f.  101,  me,  mf).  The 
muscles  then  contract  in  accordance  with  the  stimulus, 
which  was  received  first  by  the  sensory  cells.  Such  a  circuit 
is  known  as  a  reflex  arc,  and  the  resulting  action  as  a 

REFLEX  ACTION. 

6.  Reproductive  System 

The  Earthworm  possesses  permanent  organs  for  sexual 
reproduction,  and  since  each  worm  possesses  both  male  and 
female  organs,  it  is  an  hermaphroditic  animal  just  as  is  Hydra. 
The  reproductive  organs  in  the  Earthworm,  however,  are 
much  more  highly  developed.  In  the  first  place,  they  are 
permanent  organs,  and,  in  the  second  place,  the  reproductive 
system  of  the  Earthworm  is  greatly  complicated  by  the 
presence  of  an  elaborate  arrangement  of  accessory  structures 
so  that  sperm  from  the  animals  may  be  exchanged  in  order 
to  bring  about  cross-fertilization ;  that  is,  the  fertilization  of 
the  eggs  of  one  animal  by  the  sperm  from  another.  (W.  pp. 
203-205.) 

Male  Organs  of  Reproduction.  These  consist  of : 
(1)  Two  pairs  of  testes  situated  in  segments  10  and  11. 
The  testes  constitute  the  essential  part  of  the  male  organs  of 
reproduction,  for  it  is  in  them  that  the  male  sex  cells,  the 
sperm,  are  formed.  They  are  enclosed  by  the  seminal  vesicles, 
noted  below. 

(2)  Two  sperm  ducts  which  open,  one  to  the  right  and  one 
to  the  left,  on  the  ventral  surface  of  segment  15.  From  the 
external  opening  each  of  these  sperm  ducts  continues  forward 
internally  to  segment  12,  where  they  divide ;  one  branch  of 
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each  running  to  segment  11,  and  one  to  segment  10.  In 
these  segments  the  sperm  ducts  end  in  ciliated,  funnel-shaped 
openings  which  are  adapted  for  drawing  the  sperm  into  the 
ducts,  from  which  they  are  passed  to  the  exterior. 

(3)  There  are  three  pairs  of  seminal  vesicles  present  in 
segments  9  to  12.  Those  present  in  segments  10  and  11 
actually  enclose  the  testes,  noted  above,  and  the  funnels  of 
the  sperm  ducts.  Those  present  in  segments  9  and  12  are 
attached  to  the  septa  and  open  into  the  enclosed  portions  in 
segments  10  and  11.  The  sperm  are  formed  only  in  the 
testes,  but,  before  they  are  entirely  matured,  are  set  free 
from  the  testes  into  the  enclosing  seminal  vesicles.  Here  they 
undergo  final  development,  and  are  then  stored  until  the 
proper  time,  when  they  pass  into  the  funnel-shaped  openings 
of  the  sperm  ducts  and  thence  to  the  exterior  at  the  posterior  ' 
openings  of  these  ducts  in  segment  15.  (W.  f.  67,  30-32.) 

(4)  Finally,  the  Earthworm  possesses  two  pairs  of  seminal 
receptacles  attached  laterally  and  close  to  the  posterior 
septum  of  segments  9  and  10.  These  open  directly  to  the 
exterior  through  the  ventral  body  wall  in  the  grooves  be¬ 
tween  segments  9  and  10,  and  10  and  11  (W.  f.  67,  33,  34). 
The  seminal  receptacles  remain  empty  most  of  the  year,  but 
at  the  breeding  season,  when  the  worms  pair,  they  are  filled 
with  sperm  received  from  another  worm,  and  it  is  this 
foreign  sperm  that  is  used  to  fertilize  the  eggs. 

Female  Organs  of  Reproduction.  These  are  simpler 
in  structure  than  the  male  organs,  and  consist  of  a  single  pair 
of  ovaries  situated  in  segments  13  and  14,  one  to  the  right 
and  one  to  the  left  of  the  ventral  nerve  cord  (W.  f.  67,  35). 
The  eggs  which  develop  in  them  are  set  free  directly  into  the 
cavity  of  the  coelom  of  the  13th  segment.  They  are  later 
carried  to  the  exterior  by  a  pair  of  oviducts.  The  external 
opening  of  each  oviduct  is  through  the  ventral  body  wall  of 
segment  14.  From  this  point  they  run  forward  through  the 
anterior  septum  of  segment  14  into  the  coelomic  cavity  of 
segment  13.  Each  oviduct  begins  as  an  enlarged,  ciliated, 
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funnel-shaped  opening  situated  near  to  the  ovary  of  that  side, 
and  the  eggs,  which  have  been  freed  from  the  ovaries,  are 
drawn  through  these  openings  into  the  oviducts  and  then 
carried  to  the  exterior  later.  They  may  remain  for  a  time 
in  an  enlarged  posterior  portion  of  the  oviduct,  known  as 
the  uterus.  (W.  f.  67,  36.) 

The  clitellum,  which  has  been  mentioned  earlier,  is  a 
differentiated  glandular  structure  present  in  the  body  wall, 
normally  situated  between  segments  28  and  35.  It  serves 
as  an  accessory  organ  during  reproduction  by  the  secretion  of 
a  band  of  mucus  entirely  around  the  animal,  which  later 
hardens  and  forms  a  case  in  which  the  embryos  develop. 
There  are  also  glands  in  the  ventral  body  wall  of  segments 
7  to  19,  which  secrete  a  sticky  material  at  the  time  of  pair¬ 
ing,  and  this  holds  the  anterior  ends  of  the  animals  close  to¬ 
gether  while  sperm  is  being  exchanged. 

Physiology.  The  breeding  season  of  the  Earthworm 
usually  begins  early  in  the  spring.  At  this  time  the  seminal 
vesicles  of  each  worm  are  well  filled  with  mature  sperm  which 
have  been  developing  since  the  previous  reproductive  period. 
At  the  proper  time,  two  worms  come  together  and  lie  in  con¬ 
tact,  with  their  anterior  ends  pointing  in  opposite  directions, 
the  openings  of  the  sperm  ducts  on  the  ventral  surface  of 
segment  15  of  each  worm  being  directly  in  contact  with  the 
openings  of  the  seminal  receptacles  on  segments  9  to  11  of 
the  other  worm.  The  glands  in  the  ventral  body  wall  of 
each  worm  now  become  active  and  a  coating  is  formed  cover¬ 
ing  the  anterior  ends  of  the  two  animals.  This  hardens  some¬ 
what,  and  thus  they  are  held  securely  together.  In  this  po¬ 
sition  the  sperm  from  the  seminal  vesicles  of  each  worm  passes 
down  the  sperm  ducts,  out  through  the  openings  in  segment 
15,  and  into  the  seminal  receptacles  of  the  other  worm 
through  the  openings  in  segments  9  to  11.  After  the  ex¬ 
change  of  sperm  the  worms  separate. 

In  each  animal  the  clitellum  now  becomes  active  and 
secretes  a  mucous  band  which  hardens.  The  mucous  band 
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is  then  moved  forward  by  the  contractions  of  the  body  wall. 
When  it  reaches  the  openings  of  the  oviducts  on  segment  14, 
eggs  are  forced  out  into  it.  The  ring  then  continues  to  move 
forward,  and  at  segments  9  to  11  receives  some  of  the  sperm 
from  the  seminal  receptacles,  which  were  placed  there  by 
the  other  animal.  The  band,  now  containing  eggs  and  sperm, 
continues  to  move  forward,  and,  finally,  after  passing  entirely 
from  the  animal,  contracts  to  form  a  small  rounded  case,  or 
cocoon,  in  which  the  eggs,  cross-fertilized  by  the  sperm  of 
another  animal,  develop  (W.  pp.  125-129). 

After  fertilization  the  eggs  begin  to  divide.  The  cleavage 
of  the  egg  of  an  Earthworm  is  somewhat  unequal  and  irregular, 
but  there  is  soon  formed,  just  as  in  the  development  of  Hydra, 
a  hollow  sphere,  the  blastula,  and  then  a  two-layered  gastrula, 
the  wall  of  which  is  composed  of  an  outer  ectoderm  layer  and 
an  inner  endoderm  layer.  Soon  mesoderm  is  formed  be¬ 
tween  the  ectoderm  and  endoderm,  and  it  is  within  the 
mesoderm  that  the  coelom  arises,  which  is  so  important  a 
structural  feature  of  the  Earthworm  and  the  higher  forms  of 
animals.  (W.  fs.  69  ;  115,  D.) 

Asexual  Reproduction  by  Regeneration.  In  the 
Earthworm,  the  normal  method  of  reproduction  is  sexual, 
as  has  just  been  described.  This  animal,  however,  shows 
great  powers  of  regeneration  which,  under  certain  conditions, 
may  amount  to  asexual  reproduction.  For  example,  if  an 
Earthworm  is  cut  into  two,  or  even  more,  transverse  pieces, 
each  piece  will  develop  into  a  complete  worm  as  a  result  of  the 
regeneration  of  the  lost  parts.  Under  such  circumstances 
regeneration,  just  as  in  Hydra  (p.  107)  and  other  lower 
forms,  is  essentially  asexual  reproduction  (W.  f.  121). 


XVIII.  CRAYFISH1 


The  Crayfish  is  a  common  example  of  a  large  phylum  of 
segmented  Invertebrates,  known  as  the  Arthropoda.  The 
animals  in  this  phylum  are  generally  regarded  as  closely 
related  to  the  Annelida ;  both  groups  possessing  segmented, 
triploblastic,  bilaterally  symmetrical  bodies  with  a  ventral 
nerve  cord  (W.  f.  70).  The  Arthropoda  are,  however,  more 
highly  organized  than  the  Annelida.  This  fact  is  shown  to 
particular  advantage  in  the  jointed  appendages  which  all 
the  Arthropoda  possess,  and  in  their  segmental  arrangement. 
The  number  of  segments  in  any  species  of  the  Arthropoda  is 
definite  and  limited,  and  thejr  show  a  considerable  degree  of 
fusion  and  specialization,  particularly  in  the  anterior  part 
of  the  body,  whereas,  in  the  Earthworm,  the  segments  have 
practically  no  variation.  Attached  to  almost  all  of  the 
segments  of  the  Cra}rfish  are  jointed  appendages.  These 
are  structurally  modified  in  the  various  regions  of  the  body 
so  that  thejr  can  be  used  for  a  number  of  specific  purposes. 
The  appendages  are  believed  to  have  evolved  from  a  common 
ancestral  type,  and  are,  therefore,  examples  of  homologous 
structures.  The  coelom  of  the  Arthropoda  is  greatly  re¬ 
duced,  and,  in  fact  in  the  adult  animal,  it  is  almost  entirely 
absent.  The  organ  systems  of  the  Arthropoda  show,  in 
general,  a  higher  development  than  the  corresponding  sys¬ 
tems  present  in  the  Annelida. 

A.  The  External  Structure 

The  Crayfish  has  an  elongated  body,  generally  about  six 
inches  in  length  when  fully  extended  (W.  f.  71).  The  entire 
body  is  covered  by  a  heavy,  secreted  covering  (exoskele- 

1  Woodruff,  pp.  129-135. 
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ton).  In  the  anterior  portion  of  the  body  (cephalothorax) 
the  exoskeleton  is  unsegmented,  and  is  termed  the  carapace 
(W.  f.  71,1).  The  latter  ends  in  a  dorsal  projection  (rostrum) 
(W.  f.  71,  8).  The  abdomen,  which  makes  up  the  poste¬ 
rior  part  of  the  body,  is  definitely  segmented  (W.  f.  71,  2). 
The  Crayfish’s  body  comprises  a  total  of  twenty-one 
segments.  Of  these,  six  segments  (I-VI)  constitute  the 
head,  eight  segments  (VII-XIV)  constitute  the  thorax,  and 
seven  segments  (XV-XXI)  the  abdomen.  The  eyes  on  the 
first  segment  are  not  regarded  as  appendages  by  most 
authorities  (W.  f.  71,  4)-  Also  the  last  segment  of  the  body, 
the  telson,  does  not  possess  any  appendages,  thus  leaving  a 
total  of  nineteen  pairs  of  appendages  on  the  body.  The  exo¬ 
skeleton,  covering  each  abdominal  segment,  consists  of  a 
curved  dorsal  portion  (tergum)  connected  by  a  ventral, 
transverse  bar  (sternum).  The  ends  of  the  tergum,  or 
pleura,  project  ventrally  below  the  sternum. 

B.  The  Structure  of  the  Appendages 

Most  of  the  segments  of  the  abdomen  possess  a  pair  of 
biramous  appendages  which  are  attached  to  the  sternum 
on  either  side.  In  the  region  of  the  cephalothorax  the  ap¬ 
pendages  are  variously  modified.  Posteriorly  on  the  cepha¬ 
lothorax  there  are  five  pairs  of  uniramous  walking  legs 
the  most  anterior  pair  of  which  comprises  the  large  pincers 
(chelipeds)  (W.  f.  71,  11).  Anterior  to  the  walking  legs 
there  are  six  pairs  of  mouth  parts  which  are  used  in  the  cap¬ 
ture,  holding,  and  tearing  of  the  food  (W.  f.  71,  9,  10).  At 
the  anterior  end  of  the  body  is  a  pair  of  antennae  and  a  pair 
of  antennules  (W.  f.  71,  5,  6). 

The  various  appendages  of  the  Crayfish  can  be  divided 
into  two  general  types  : 

(1)  The  biramous  appendage,  such  as  is  found,  in  a 
simple  form,  on  most  of  the  abdominal  segments  and,  in  a 
highly  modified  form,  in  the  mouth  parts.  (W.  f.  71,  15,  10.) 
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A  typical  biramous  abdominal  appendage  consists  of  a  basal 
portion,  the  protopodite,  which  is  composed  of  two  seg¬ 
ments  :  the  coxopodite,  attached  to  the  body  ;  and  the  basi- 
podite  which  bears  the  two  jointed  branches,  the  inner 
termed  the  endopodite  and  the  outer  the  exopodite 
(W.  f.  72,  10).  This  type  of  appendage  is  believed  to  rep¬ 
resent  the  primitive  and  fundamental  type  from  which  the 
uniramous  appendages  have  been  derived  (W.  pp.  130-133). 

(2)  The  uniramous  appendage  is  represented  by  the 
walking  legs.  In  this  more  simple  type  of  appendage  the 
protopodite  shows  the  same  general  structure  as  in  the  bira¬ 
mous  appendage,  but  the  exopodite  is  always  lacking,  so  that 
the  basipodite  bears  only  one  branch,  the  endopodite.  At¬ 
tached  to  the  coxopodite  of  certain  of  the  walking  legs  is  a 
specialized  structure,  the  epipodite,  which  bears  gill  fila¬ 
ments  (W.  f.  72,  8). 

In  giving  a  description  of  the  appendages  of  the  Crayfish, 
we  shall  begin  with  those  present  on  the  abdomen,  inasmuch 
as  they  are  more  simple  and  presumably  represent,  as  noted 
above,  the  fundamental  type. 

1.  Abdominal  Appendages 

The  last  appendage  on  the  body  is  known  as  the  uropod, 
and  is  attached  to  segment  XX.  It  consists  of  an  endopodite 
and  exopodite,  the  latter  being  divided  into  two  parts. 
Both  are  broad,  flat  plates  adapted  for  swimming  (W.  f. 
72,  11). 

The  next  four  abdominal  segments  (XVI  to  XIX)  of  the 
female  each  bears  a  pair  of  typical,  small  biramous  append¬ 
ages,  the  structure  of  which  has  been  noted  above.  The  ab¬ 
dominal  appendage  of  segment  XV  of  the  female  is  greatly 
reduced  and  not  typical.  In  the  male  the  abdominal  append¬ 
ages  of  segments  XV  and  XVI  are  modified  for  the  transfer¬ 
ence  of  sperm.  The  exopodite  of  each  of  the  typical  swim- 
merets  consists  of  a  flattened,  blade-like  structure  made  up 
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of  several  segments.  The  endopodite  is  similar  in  structure 
but  is  somewhat  larger.  (W.  f.  72,  9,  10.) 

2.  Thoracic  Appendages 

There  are  five  pairs  of  uniramous  walking  legs  attached  to 
segments  X  to  XIV,  all  of  which  are  built  on  the  same  plan 
(W.  f.  72,  8).  The  protopodite  is  made  up  of  the  coxopodite 
and  the  basipodite.  The  coxopodite  bears  the  epipodite, 
with  attached  gill  filaments  which  project  dorsally  into  the 
branchial  chamber.  The  epipodite  is  present  on  all  the 
walking  legs  except  the  last  pair  on  segment  XIV.  The 
basipodite  bears  a  five-jointed  endopodite,  the  basal  end  of 
the  last  joint  being  modified  to  form  a  pincer.  The  pincers 
of  the  last  four  pairs  of  walking  legs  are  comparatively  small, 
but  those  of  the  first  pair  are  very  large  and  strong,  and 
serve  as  a  formidable  weapon  of  defense  and  offense  (W.  f. 
71,  11).  The  exopoclite  is  always  lacking. 

Segments  VII,  VIII,  and  IX  each  bears  a  pair  of  mouth 
parts,  known  as  the  first,  second,  and  third  maxillipeds. 
Each  of  these  has  a  basal  protopodite,  composed  of  the 
coxopodite  and  basipodite,  and  also  a  gill-bearing  epipodite, 
noted  above.  The  epipodite  of  the  first  maxilliped,  how¬ 
ever,  lacks  the  gill  filaments.  The  third  maxilliped  on  seg¬ 
ment  IX  is  the  largest.  In  this  appendage,  the  exopodite  is 
comparatively  short,  and  consists  of  a  basal  portion  bear¬ 
ing  a  jointed,  filamentous  structure.  The  endopodite  is 
much  larger  than  the  exopodite.  It  is  composed  of  five  joints, 
the  general  structure  being  somewhat  like  the  endopodite  of 
the  walking  legs,  except  that  a  pincer  is  not  present.  The 
first  and  second  maxillipeds  are  smaller  than  the  third 
maxilliped,  but  their  structure  is  much  the  same  (W.  f.  72, 
6,7).  The  maxillipeds  are  more  or  less  covered  with  hairs, 
some  of  which  are  believed  to  serve  as  chemical  sense  organs 
and  others  as  tactile  sense  organs.  The  maxillipeds  aid  in 
holding  the  food. 
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3.  Head  Appendages 

Segments  V  and  VI  each  bears  a  pair  of  appendages,  known 
as  the  first  and  second  maxillae.  The  second  maxilla,  on 
segment  VI,  is  one  of  the  most  highly  modified  appendages 
of  the  entire  body.  The  protopodite  is  atypical  and  is 
made  up  of  some  thin,  pliable  plates.  The  exopodite  has 
become  greatly  modified  and,  together  with  the  epipodite, 
forms  a  broad,  flat  structure,  the  scaphognathite,  which, 
by  its  movements  in  the  branchial  chamber,  keeps  a  current 
of  water  bathing  the  gills.  The  endopodite  is  a  small  struc¬ 
ture  consisting  of  onfy  one  segment  (W.  f.  72,  5).  The  first 
maxilla,  on  segment  V,  is  one  of  the  smallest  appendages 
and  consists  of  the  protopodite  and  the  endopodite  which  is 
a  small,  atypical  structure.  The  exopodite  is  entirely  lack¬ 
ing  (W.  f.  72,  Jf).  Segment  IV  bears  a  pair  of  jaws  or 
mandibles.  Each  mandible  consists  chiefly  of  a  protopodite 
wThich  is  made  up  of  two  segments,  and  to  which  very  heavy 
muscles  are  attached.  The  exopodite  is  lacking  and  the  en¬ 
dopodite  is  greatly  reduced.  The  mandibles  are  primarily 
used  for  crushing  the  food  (W.  f.  72,  3). 

Segments  II  and  III  bear  a  pair  of  antennae  and  an- 
tennules  respectively.  The  antennae  on  segment  III  are 
much  larger  than  the  antennules.  The  protopodite  of  the 
antenna  is  made  up  of  two  segments.  The  proximal  seg¬ 
ment  bears  an  opening  of  an  excretory  organ  known  as  the 
green  gland  (W.  f.  71,  8).  The  exopodite  of  the  antennae 
is  a  short,  thin,  blade-like  structure,  which  projects  laterally, 
and  the  endopodite  is  a  long,  many-jointed,  whip-like  struc¬ 
ture  (W.  f.  71,  6;  f,  72,  2s).  The  antennules  have  a  proto¬ 
podite  which  is  made  up  of  three  segments,  the  proximal 
one  of  which  contains  a  sensory  organ,  known  as  the  stato- 
cyst.  The  exopodite  and  the  endopodite  are  practically 
of  the  same  length  and,  although  somewhat  smaller,  have 
the  same  structure  as  the  endopodites  of  the  antennae  (W.  f. 
71,  5;  f.  72,  1 ).  The  antennules  and  antennae  are  primarily 
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sense  organs.  Finally,  segment  I  bears  a  pair  of  eyes  which, 
however,  are  generally  not  regarded  as  being  homologous 
with  the  other  appendages. 

4.  Autotomy  and  Regeneration  of  the  Appendages 

Many  of  the  Crustacea,  including  the  Crayfish,  possess 
the  power  of  casting  off  an  injured  appendage.  This  is 
known  as  autotomy.  There  is  a  definite  breaking  joint 
between  the  second  and  third  segments  in  the  walking  legs, 
and  when  these  appendages  are  injured,  the  distal  end  is 
definitely  broken  off.  The  wound  is  soon  covered  over  by  a 
membrane  of  ectoderm  cells,  and  then  a  process  of  regenera¬ 
tion  begins  which  soon  restores  the  appendage  to  the  origi¬ 
nal  condition.  Autotomy  is  under  the  control  of  the  nerv¬ 
ous  system  and  is  brought  about  by  a  series  of  muscular 
contractions.  In  addition  to  regeneration  as  a  result  of 
autotomy,  the  Crayfish,  particularly  when  young,  possesses 
regenerative  power  sufficient  to  form  entire  appendages  when 
the  original  ones  are  removed.  The  regenerated  appendage, 
however,  does  not  always  have  the  same  structure  as  the 
one  which  was  lost. 

C.  Internal  Organs 
1.  The  Alimentary  Canal 

The  alimentary  canal  of  the  Crayfish  begins  with  the 
mouth,  which  opens  between  the  mandibles,  on  the  anterior, 
ventral  surface  of  the  third  segment  (W.  f.  71 ,17).  Leading 
dorsally  from  the  mouth  is  a  short,  undifferentiated  tube, 
the  oesophagus,  which  opens  into  the  stomach  almost  directly 
above  the  mouth  (W.  f.  71,  18).  The  stomach  is  a  highly 
specialized  organ,  and  is  divided  into  two  parts ;  an  ante¬ 
rior  portion  (cardiac  chamber),  into  the  ventral  surface  of 
which  the  oesophagus  opens,  and  a  somewhat  smaller  pos¬ 
terior  portion  (pyloric  chamber).  In  the  lining  of  the 
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stomach  are  a  number  of  calcified  chitinous  structures  which 
together  constitute  a  very  complicated  food-grinding  appara¬ 
tus,  the  gastric  mill.  The  muscle  layers  in  the  wall  of 
the  stomach  are  able  to  move  in  such  a  manner  as  to  cause 
these  structures  to  work  against  each  other  and  thus  to 
grind  up  the  food.  Between  the  cardiac  and  pyloric  por¬ 
tions  is  a  strainer,  made  up  of  filaments,  or  bristles,  and  the 
food  must  be  finely  ground  in  order  to  pass  from  the  cardiac 
portion  of  the  stomach  into  the  pyloric  (W.  f.  71,  19-21). 
Leading  from  the  posterior  end  of  the  pyloric  chamber  is  a 
small  tube,  the  intestine,  which  continues  almost  straight 
posteriorly  through  the  center  of  the  abdomen  (W.  f.  71, 
24)  •  It  opens  ventrally  through  the  anus  in  the  last  segment 
of  the  body  (W.  f.  71,  25).  Large  digestive  glands,  which 
correspond  to  those  present  in  higher  forms,  are  located  in 
the  thorax,  and  these  produce  a  secretion  which  contains  the 
digestive  enzymes.  The  secretion  passes  into  the  pyloric 
chamber  of  the  stomach,  through  the  hepatic  ducts.  The 
food  of  the  Crayfish  consists  both  of  living  and  dead  animal 
matter.  The  process  of  digestion  does  not  differ  fundamen¬ 
tally  from  that  in  the  Vertebrate  animals,  and  a  considera¬ 
tion  of  it  may  be  left  until  they  are  considered. 

2.  Vascular  System 

The  vascular  system  consists  of  a  number  of  muscular- 
walled  tubes,  the  arteries  ;  a  pumping  organ,  the  heart  ; 
a  series  of  blood  spaces,  the  sinuses,  distributed  through 
various  regions  of  the  body ;  and,  finally,  a  circulating 
medium,  the  blood,  which  is  essentially  similar  to  that  of 
the  Earthworm. 

The  heart  of  the  Crayfish  is  a  highly  specialized  struc¬ 
ture  which  develops  as  a  dilation  of  a  dorsal  blood  vessel. 
The  latter  occupies  a  similar  position  to  that  found  in  the 
Earthworm.  The  heart  lies  in  the  thorax,  in  a  median  longi¬ 
tudinal  plane,  close  to  the  dorsal  integument  (W.  f.  71,  26). 
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When  the  exoskeleton  is  removed  from  this  region  the  heart 
may  be  seen  lying  in  a  chamber,  the  pericardium,  or  pericar¬ 
dial  sinus  (W.  f.  71,  27).  Viewed  from  above  the  heart 
shows  a  somewhat  irregular,  pentagonal  shape.  It  is  kept  in 
position  by  six  strands  of  fibrous  tissue,  which  originate  from 
the  walls  of  the  heart  and  extend  laterally  to  each  side,  where 
they  are  attached  to  the  walls  of  the  pericardium. 

Leading  from  the  heart  are  the  six  main  arteries  which 
convey  the  blood  to  various  parts  of  the  body.  The  arteries 
may  be  described  as  follows  : 

Anterior  Median  Artery.  This  is  a  single  median 
artery.  It  leaves  the  heart  at  the  extreme  anterior  end, 
and  continues  anteriorly,  giving  off  branches  which  supply 
the  cardiac  portion  of  the  stomach,  the  oesophagus,  and 
portions  of  the  head  region  (W.  f.  71,  29). 

Antennary  Arteries.  A  pair  of  these  arise  at  the  an¬ 
terior  end  of  the  heart  —  one  on  each  side  of  the  median 
artery.  They  run  anteriorly  for  a  short  distance  and  then 
ventrally  and  laterally  —  one  to  the  right  and  one  to  the 
left.  Each  of  these  arteries  gives  off  a  branch  which  runs 
to  the  cardiac  portion  of  the  stomach,  and  other  branches 
which  supply  various  organs  in  the  head  region,  notably 
the  muscles,  and  the  antennae  with  the  green  glands. 

Hepatic  Arteries.  A  pair  of  these  arise  from  the  an¬ 
terior  end  of  the  heart,  just  posterior,  and  ventral,  to  the 
antennary  arteries.  As  indicated  by  their  name,  they  sup¬ 
ply  the  digestive  glands. 

Dorsal  Abdominal  Artery  and  Branches.  This  large 
vessel  leaves  the  ventral  side  of  the  heart  at  the  extreme  pos¬ 
terior  end.  It  runs  directly  posteriorly  through  the  abdo¬ 
men,  close  to  the  dorsal  body  wall,  and  gives  off  branches 
which  supply  the  muscle  tissue  of  this  region  (W.  f.  71,  30). 
A  large  branch,  the  sternal  artery,  arises  from  the  abdom¬ 
inal  artery  just  after  it  leaves  the  heart.  The  sternal  artery 
continues  ventrally,  at  right  angles  to  the  abdominal  artery, 
almost  to  the  ventral  body  wall  (W.  f.  71,  31).  The  ventral 


144 


MANUAL  OF  BIOLOGICAL  FORMS 


nerve  cord  of  the  Crayfish  at  this  point  splits  into  two  cords 
which  are  united  at  the  segmental  ganglia  (W.  f.  73).  The 
sternal  artery  passes  between  the  two  nerve  cords  and,  un¬ 
derneath  them,  divides  into  (a)  the  ventral  thoracic 
artery,  which  runs  anteriorly  under  the  nerve  cord,  and 
( b )  the  ventral  abdominal  artery,  which  runs  posteriorly 
and  occupies  a  corresponding  position  (W.  f.  71,  32). 

The  six  main  arteries  of  the  Crayfish,  as  just  described,  all 
convey  blood  away  from  the  heart  to  the  various  regions  of 
the  body.  There  are  six  openings  (ostia)  in  the  muscular 
walls  of  the  heart  through  which  blood  passes  into  the  heart. 
One  pair  of  these  ostia  opens  through  the  dorsal  wall,  one 
pair  through  the  ventral  wall,  and  one  pair  opens  through 
the  sides.  These  ostia  are  provided  with  simple  valves 
which  prevent  the  outflow  of  blood  (W.  f.  71,  28). 

Having  considered  the  heart  and  the  vessels  leading  from 
it,  we  are  now  in  a  position  to  note  the  structure  and  position 
of  the  blood  spaces,  or  sinuses,  which  are  present  in  various 
regions  of  the  body  and  in  which  the  blood  is  collected  and 
finally  returned  to  the  heart.  The  pericardial  sinus,  which 
surrounds  the  heart,  has  ahead}?-  been  noted.  The  main 
sinus  of  the  body  is  known  as  the  sternal  sinus.  It  is 
situated  on  the  ventral  side  of  the  body  in  the  region  of  the 
thorax.  Leading  from  the  sternal  sinus  are  a  number  of 
canals,  or  openings,  which  lead  into  the  organs  for  aerating 
the  blood,  the  gills.  After  passing  through  the  gills  the 
blood  passes  dorsally  into  the  pericardial  sinus.  The  ali¬ 
mentary  canal  in  the  cephalothorax  is  surrounded  by  an¬ 
other  sinus,  known  as  the  perivisceral  sinus. 

The  general  course  of  the  circulation  of  the  blood  is  as 
follows :  The  blood,  which  passes  into  the  heart  from  the 
surrounding  pericardial  sinus,  through  the  paired  ostia,  is 
forced  by  the  rhythmical  contractions  of  the  heavy  muscular 
walls  into  the  various  arteries  mentioned  above.  Thus 
the  heart  drives  the  blood  both  anteriorly  (median,  an- 
tennary,  hepatic,  and  ventral  thoracic  arteries)  and  poste- 
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riorly  (dorsal  and  ventral  abdominal  arteries).  These 
arteries  supply  all  regions  of  the  body  and,  in  the  various 
tissues,  they  branch  repeatedly  and  finally  form  tiny 
capillaries.  The  walls  of  the  latter  are  of  such  a  char¬ 
acter  that  some  of  the  blood  plasma  can  pass  through  and 
come  into  direct  contact  with  the  tissues.  In  the  tissues  the 
blood  is  gradually  collected  in  various  small  sinuses,  all  of 
which  finally  open  into  the  large  sternal  sinus. 

The  blood,  which  has  come  to  the  sternal  sinus  from  the 
region  of  the  alimentary  canal,  carries  absorbed  food  ma¬ 
terials,  and  all  the  blood  there  present  contains  metabolic 
wastes  which  have  been  collected  during  its  passage  through 
the  tissues.  The  next  step,  therefore,  is  the  passage  of  the 
blood  from  the  sternal  sinus  into  and  through  the  gills. 
These  important  respiratory  organs  of  the  Crayfish  are 
attached,  as  noted  below,  either  directly  by  means  of  the 
epipodites  to  certain  appendages,  or  to  membranes  which 
are  present  near  the  base  of  the  appendages.  After  passing 
through  the  gills,  the  oxygenated  blood  flows  dorsally  through 
a  series  of  canals  (branchio-cardiac  canals)  and  then  into 
the  pericardial  sinus ;  from  which  it  is  drawn  into  the  heart 
through  the  ostia,  and  thus  the  cycle  is  completed. 

The  vascular  system  of  the  Crayfish  has  the  same  func¬ 
tions  to  perform  as  previously  noted  in  the  Earthworm, 
namely,  the  transportation  of  various  materials  through  the 
body. 

3.  Respiratory  System 

In  the  Earthworm  it  was  noted  that  the  entire  surface  of 
the  body  acted  as  a  medium  through  which  the  blood,  plenti¬ 
fully  supplied  to  the  body  wall,  could  exchange  its  waste 
carbon  dioxide  for  the  essential  oxygen.  In  the  Crayfish, 
this  process  of  respiration  is  carried  out  by  a  much  more 
elaborate  mechanism,  consisting  of  the  branched,  filamentous 
gills,  present  in  the  gill  chamber  of  the  thorax.  The  gills 
in  the  American  genus  ( Cambarus )  are  attached  either 
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(1)  to  the  coxopodites  of  the  appendages  (podobranchiae), 
or  (2)  to  membranes  developed  at  the  bases  of  the  append¬ 
ages  (arthrobranchiae).  In  the  European  genus  (As- 
tacus )  another  row  of  gills  (pleurobranchiae)  is  present 
which  are  attached  to  the  walls  of  the  thorax.  The  number 
of  gills  varies  in  different  species,  but  in  Cambarus  there  are 
17  gills  in  the  gill  chamber  on  each  side  of  the  thorax;  six 
of  which  are  podobranchiae,  and  eleven  of  which  are  arthro¬ 
branchiae. 

The  gill  chamber,  on  either  side  of  the  thorax,  lies  outside 
of  the  body  wall.  It  is  the  space  between  the  outer  elii- 
tinous  exoskeleton  and  the  true  body  wall  of  the  thorax, 
dorsal  to  the  attachment  of  the  appendages.  A  current  of 
water  is  forced  through  each  gill  chamber  by  the  paddle- 
shaped  scaphognathite  which,  as  previously  noted,  is 
a  part  of  the  second  maxilla  at  the  anterior  end  of  the 
gill  chamber  (W.  f.  72,  5). 

Each  gill  may  be  described  as  a  plume-like  structure  with 
a  central  stem,  or  epipodite,  to  which  a  large  number  of  fine 
filaments,  the  branchiae,  are  attached..  Running  through 
the  stem  and  branching  into  the  filaments  are  two  blood 
vessels ;  an  efferent  branchial  vessel  which  carries 
blood  into  the  gills  from  the  sternal  sinus,  and  an  afferent 
branchial  vessel  which  carries  blood  from  the  gills.  In 
the  gill  filaments  these  vessels  lead  into  tiny,  connecting 
capillaries,  and,  as  the  blood  passes  through  these,  the  gas¬ 
eous  interchange  takes  place.  The  gill  filaments  are  very 
thin-walled  and  are  continually  bathed  in  the  water  which 
passes  through  the  gill  chamber.  The  blood,  bearing  the 
load  of  oxygen  for  the  tissues,  passes  from  the  gills,  through 
the  afferent  branchial  vessels,  and  finally  reaches  the  peri¬ 
cardial  sinus.  (W.  pp.  168-169.) 

4.  Excretory  System 

The  excretory  organs  of  the  Crayfish,  for  the  elimination 
of  the  nitrogenous  wastes,  are  very  unusual  in  their  struc- 
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ture,  and  not  at  all  similar  to  the  nephridia  of  the  Earth¬ 
worm.  They  consist  of  a  pair  of  small  bodies,  the  green 
glands,  which  are  situated,  as  noted,  in  the  posterior  part 
of  the  head,  at  the  base  of  each  antenna.  Each  green  gland 
consists  of  three  parts :  (1)  the  glandular  portion  proper, 
which  takes  the  wastes  from  the  blood ;  (2)  a  thin-walled, 
sac-like  bladder,  which  receives  the  wastes  given  off  by 
the  glandular  portion ;  and  finally,  (3)  leading  from  the  blad¬ 
der,  a  fine  tube  which  opens  to  the  exterior  through  the  wall 
of  the  basal  segment  of  each  of  the  antenna.  The  green 
glands  are  vascularized  by  small  branches  from  the  anten- 
nary  arteries.  The  blood  which  they  receive  passes  through 
the  glandular  portion  of  the  organ,  and  the  nitrogenous 
wastes  are  taken  from  it.  (W.  f.  71,  8.) 

5.  The  Nervous  System 

The  nervous  system  of  the  Crayfish  is  fundamentally 
similar  to  that  which  has  already  been  noted  in  the  Earth¬ 
worm.  There  is  a  main  ventral  nerve  cord  with  ganglia 
running  the  entire  length  of  the  body  (W.  f.  71,  33-35). 
This  constitutes  the  central  nervous  system,  and  from  it, 
at  the  ganglia,  peripheral  branches  are  given  off  which  run 
to  all  parts  of  the  body.  There  are,  however,  certain  points 
of  difference  between  the  nervous  system  of  the  Crayfish  and 
that  of  the  Earthworm  (W.  f.  73).  These  may  be  summarized 
as  follows : 

(1)  In  the  Crayfish,  the  arrangement  of  the  ganglia  in  the 
ventral  nerve  cord  does  not  correspond  to  the  external 
segmentation  throughout  the  entire  length  of  the  body. 
This  is  particularly  true  in  the  region  of  the  thorax.  Alto¬ 
gether  there  are  13  ganglia  present  on  the  ventral  nerve 
cord,  and  since  there  are  21  segments  in  the  body  it  is  appar¬ 
ent  that  either  several  ganglia  are  lacking,  or  else  there  has 
been  a  consolidation  of  certain  ones.  The  latter  is  regarded 
as  the  correct  explanation,  as  the  facts  indicate  that  a  fusion 
has  occurred  in  certain  ganglia  of  the  head  and  thorax. 
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(2)  In  the  Crayfish  there  are  a  number  of  specialized  sense 
organs  present,  which  are  adapted  for  receiving  various 
kinds  of  external  stimuli,  such  as  tactile,  olfactory,  auditory, 
and  photic. 

The  cerebral  ganglion  is  probably  the  most  important 
ganglion  in  the  body,  and  constitutes  the  brain  of  the  ani¬ 
mal.  A  number  of  peripheral  nerves  are  given  off  from  this 
ganglion,  which  run  anteriorly  and  laterally,  and  supply  the 
antennules,  antennae,  and  eyes  (W.  f.  73,  a).  The  sub- 
oesophageal  ganglion  gives  off  a  number  of  nerves  which 
suppfy  the  mandibles,  maxillae,  and  the  first  two  pairs  of 
maxillipeds  (W.  f.  73,  c).  The  remainder  of  the  ganglia 
present  in  the  ventral  nerve  cord  give  off  branches  which, 
in  general,  supply  the  appendages,  muscles,  and  other  organs 
lying  near  to  the  region  in  which  they  are  situated.  For  the 
most  part  the  branches  arising  in  all  these  ganglia,  except 
the  cerebral  ganglion,  are  motor  in  function  (W.  f.  73,  d ). 

Sense  Organs.  The  surface  of  the  body,  since  it  is  en¬ 
tirely  covered  with  the  hard  chitinous  exoskeleton,  is  not 
provided  with  numerous  sensory  nerve  cells  as  is  the  case  in 
the  body  of  the  Earthworm,  and  the  sensory  tissue  in  the  Cray¬ 
fish  is  largely  grouped  in  the  special  sense  organs  situated 
in  the  anterior  end  of  the  body.  These  may  now  be  noted. 

Tactile  Organs.  Scattered  over  the  appendages  and 
also  in  some  other  regions  of  the  body  are  found  hair-like 
filaments  (setae)  which  are  believed  to  be  tactile  sense  or¬ 
gans.  It  appears  that  these  setae  are  each  connected  with 
a  fine  nerve  fiber,  and  anjdhing  which  comes  into  contact 
with  them  sets  up  an  impulse  along  the  attached  nerve. 

Olfactory  Organs.  It  is  believed  that  certain  jointed 
filaments,  which  are  present  in  small  groups  on  the  under 
surface  of  the  exopodite  of  the  antennules,  have  an  olfactory 
function. 

Organs  of  Hearing  or  Position.  Situated  in  the  basal 
joint  of  each  antennulc  is  a  sac,  the  statocyst,  which  con¬ 
tains  a  great  number  of  very  fine  hairs  distributed  along  two 
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ridges.  A  nerve  runs  into  the  base  of  the  sac,  and  branches 
from  it  are  distributed  to  these  hairs.  Among  these  hairs, 
grains  of  sand  (statoliths)  are  commonly  found,  and  these 
may  be  attached  to  the  hairs.  Although  this  organ  was 
originally  thought  to  be  a  sound-receiving  organ,  experimen¬ 
tal  work  has  apparently  shown  that  its  real  function  is  that 
of  equilibration,  that  is,  giving  the  animal  a  sense  of  its  posi¬ 
tion.  It  has  been  found,  for  example,  that  animals  from 
which  the  statoliths  of  these  organs  have  been  removed  are 
unable  to  orient  themselves  and,  furthermore,  if  fine  iron 
filings  be  supplied  to  these  organs  instead  of  statoliths,  the 
position  of  an  animal  can  be  influenced  by  the  use  of  a 
magnet. 

Organs  of  Sight.  The  Crayfish  possesses  a  pair  of  eyes 
which  are  borne  on  small  stalks,  attached  just  dorsal  to  the 
antennae  at  the  anterior  end  of  the  head  (W.  f.  71,  If).  These 
eyes  are  very  highly  developed,  and  inasmuch  as  each  one 
is  composed  of  about  2500  units,  termed  ommatidia,  they  are 
known  as  compound  eyes.  Each  ommatidium  is  a  compli¬ 
cated,  elongated,  light-receiving  structure  which  is  connected 
at  the  base  with  a  branch  of  a  nerve  from  the  cerebral  gan¬ 
glion.  When  this  compound  eye  is  viewed  from  the  front, 
the  surface  appears  as  a  mosaic  made  up  of  a  great  number 
of  four-sided  areas.  Each  ommatidium  receives  light  from 
only  a  certain  restricted  area,  and  the  image  which  the  Cray¬ 
fish  receives  is  believed  to  be  a  composite  one  built  up  from 
the  separate  images  which  have  been  received  by  all  the 
ommatidia. 

6.  Reproductive  System 

The  Crayfish  is  a  dioecious  animal,  that  is,  the  two  sexes 
are  separate.  This  is  different  from  the  condition  which  has 
previously  been  noted  in  the  Hydra  and  the  Earthworm,  both 
of  which  are  hermaphroditic  animals. 

Male  Organs  of  Reproduction.  The  sperm  are  de¬ 
veloped  in  a  single  testis,  lying  near  the  pericardium.  The 


150 


MANUAL  OF  BIOLOGICAL  FORMS 


anterior  portion  of  the  testis  is  bilobed.  The  posterior  end 
is  single.  Leading  from  the  right,  and  from  the  left,  side  of 
the  posterior  portion  are  two  ducts  (vas  deferens)  which 
open  to  the  exterior  through  the  coxopodites  of  the  fifth 
walking  legs.  The  testis  is  largely  composed  of  a  mass  of 
fine  tubules  in  the  walls  of  which  the  sperm  are  formed. 
When  the  sperm  have  reached  the  proper  stage  of  maturity, 
they  pass  down  the  tubules  and  eventually  leave  the  testis 
through  the  vas  deferens  (W.  f.  71,  37-39). 

Female  Organs  of  Reproduction.  The  eggs  are  devel¬ 
oped  in  a  bilobed  ovary  which  is  situated  in  the  same  gen¬ 
eral  region  in  the  female  as  is  the  testis  in  the  male.  Lead¬ 
ing  from  the  ovary  are  two  tubes  (oviducts),  each  of  which 
opens  to  the  exterior  through  the  coxopodite  of  the  third 
walking  leg.  The  ovary  of  the  Crayfish  contains  a  central 
cavity  connected  with  the  oviducts.  The  eggs  are  formed 
from  specialized  germinal  cells  located  in  the  wall  of  this 
cavity.  When  ripe  they  break  loose  from  the  wall,  into  the 
central  cavity  from  which  they  are  taken  to  the  exterior  by 
the  oviducts. 

Development  of  the  Crayfish.  The  breeding  sea¬ 
son  of  the  Crayfish  is  in  the  fall.  At  this  time  the  two  sexes 
pair,  and  sperm  cells  are  transferred  from  the  male  to  the 
female.  The  sperm  remain  throughout  the  winter  in  a  small 
cavity,  the  seminal  receptacle,  situated  on  the  ventral 
surface  of  the  body  of  the  female,  close  to  the  fourth  and 
fifth  walking  legs.  The  following  spring,  the  eggs,  which 
have  developed  in  the  ovary,  are  laid  after  being  fertilized 
bjr  the  sperm  stored  in  the  seminal  receptacle.  The  fertilized 
eggs  are  attached  by  a  sticky  secretion  to  hairs  present  on 
the  abdominal  appendages  of  the  female.  At  this  time  al¬ 
most  the  entire  ventral  surface  of  the  abdomen  of  the  female 
may  be  covered  with  the  developing  eggs. 

When  the  egg  has  been  fertilized,  division  begins.  How¬ 
ever,  the  entire  egg  of  the  Crayfish  does  not  divide  at  first, 
but  only  the  synkaryon.  The  latter  divides  to  form  a  num- 
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ber  of  nuclei  which  lie  in  the  center  of  the  developing  egg. 
These  nuclei  later  migrate  to  the  periphery  of  the  egg,  and 
then  the  egg  divides  radially  into  as  many  parts  as  there  are 
nuclei.  Division  at  right  angles  later  occurs  in  such  a  man¬ 
ner  as  to  cut  off  a  small  peripheral  portion  of  the  cytoplasm, 
surrounding  each  nucleus,  from  each  of  the  radial  parts. 
Thus,  at  this  stage,  the  egg  consists  of  (1)  an  outer  surface 
layer  of  cells  which  contain  the  nuclei,  and  surround  (2)  an 
inner  mass  of  yolk  material.  The  latter  does  not  play  any 
further  direct  part  in  the  development  of  the  embryo,  but 
supplies  the  necessary  food  material.  The  embryo  in  the 
Crayfish,  therefore,  develops  on  the  surface  of  the  egg. 

When  the  young  embryo  has  reached  a  certain  stage  of 
development  it  hatches,  that  is  to  say,  it  breaks  out  of  the 
egg  capsule  which  has  thus  far  enclosed  it  and  becomes  more 
or  less  free.  It  is,  however,  still  attached  to  an  abdominal 
appendage  of  the  mother  by  means  of  a  filament  which  runs 
to  the  embryonic  telson.  It  passes  through  three  successive 
growth  stages  (moults),  shedding  its  cuticular  exoskeleton 
each  time,  before  it  finally  detaches  itself  from  the  mother, 
and  thus  becomes  a  free-living  Crayfish  of  small  size,  but  in 
general  appearance  like  the  adult. 


XIX.  HONEY  BEE1 


The  Insects  comprise  one  of  the  chief  classes  of  the  Ar- 
thropoda,  and  really  constitute  one  of  the  most  remarkable 
groups  in  the  entire  animal  kingdom.  Numerically,  they 
constitute  about  four-fifths  of  all  known  animals.  Struc¬ 
turally,  they  are  one  of  the  most  highly  specialized  groups 
of  animals.  Some  of  them,  such  as  the  Bees,  Ants,  and 
Wasps,  exhibit  a  complex  and  highly  developed  communal 
life  which  is  only  exceeded  by  that  of  Man  (W.  p.  331). 

The  structure  of  the  body  of  all  Insects  shows  certain 
well-defined  characteristics.  The  body  is  definitely  divided 
into  the  head,  thorax,  and  abdomen.  Three  pairs  of  legs 
are  always  present  on  the  thorax,  and  generally  also  two 
pairs  of  wings.  In  a  typical  Insect,  the  head  apparently  con¬ 
sists  of  five  or  six  segments,  the  thorax  of  three  segments,  and 
the  abdomen  of  ten  or  eleven  segments.  There  is,  however,  a 
considerable  variation  in  the  number  of  abdominal  segments 
in  various  types  of  Insects.  In  the  Bee,  for  example,  there 
are  only  six  visible  segments  in  the  abdomen.  Insects  as 
a  group  possess  a  remarkable  and  characteristic  respiratory 
system,  adapted  for  air  breathing.  This  system  consists 
of  a  series  of  ramifying  tubes  which  carry  air  containing 
oxygen  directly  to  the  tissues.  The  Honey  Bee,  because 
of  its  structure,  its  interesting  communal  life,  and  its  eco¬ 
nomic  importance,  may  be  taken  as  an  example  of  the  In¬ 
sects  for  our  present  study. 

A.  External  Structure 

In  an  active  hive,  three  types  are  found  which  show  dif¬ 
ferences  both  in  their  structure  and  functions.  There  are 

1  Woodruff,  pp.  324t329. 
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several  hundred  fertile  males,  the  drones  ;  one  fertile  female, 
the  queen  ;  and  several  thousand  infertile  females,  the 
workers  (W.  f.  175).  It  will  be  best  to  describe  first  the 
structure  of  the  Workers  and  later  to  note  the  differences 
which  are  present  in  other  types.  The  body  of  the  Bee, 
consisting  of  the  head,  thorax,  and  abdomen,  is  entirely 
covered  over  by  a  cuticle  which  is  formed  as  a  secretion 
by  a  layer  of  cells  lying  just  underneath.  This  chitinous 
layer,  which  is  quite  rigid,  affords  considerable  protection 
and  support  to  the  animal  and  it  constitutes  the  exoskeleton. 
It  is  homologous  with  the  exoskeleton  of  the  Craj^fish. 

1.  The  Head 

It  is  generally  believed  that  the  head  of  the  Bee  is  com¬ 
posed  of  six  segments.  However,  the  segmentation  even  in 
the  embryonic  condition  is  not  entirely  clear,  and  in  the  adult 
segmental  lines  are  not  present.  The  head  bears  a  pair  of 
large  compound  eyes,  one  of  which  protrudes  from  either 
side.  They  have  the  same  general  structure  as  those  of  the 
Crayfish.  Also  attached  to  the  head  are  several  highly  spe¬ 
cialized  structures  which  may  be  summarized  as  follows 
(W.  f.  176) : 

(1)  A  pair  of  antennae  which  are  attached  to  the  an¬ 
terior  surface  of  the  head  and  project  forward.  They  are 
hairy,  jointed  structures  which,  as  will  be  seen  later,  serve 
as  very  important  sense  organs  (W.  f.  176,  a). 

(2)  The  mouth  parts  consist,  first,  of  an  upper  lip,  or  la- 
brum,  which  is  attached  to  a  rounded  portion,  the  clypeus, 
of  the  anterior  wall  of  the  head  lying  just  below  the  points 
of  attachment  of  the  antennae. 

(3)  Below  the  labrum  is  an  unpaired,  fleshy  structure, 
known  as  the  epipharynx.  This  is  apparently  an  organ  of 
taste  (W.  f.  176,  g). 

(4)  Next  comes  a  pair  of  jaws,  or  mandibles,  which  are  at¬ 
tached,  one  at  either  end  of  the  labrum.  When  closed,  the 
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mandibles  lie  over  the  labrum  and  epipharynx,  so  that  these 
structures  cannot  be  seen  when  the  head  is  viewed  from  the 
front.  When  open,  they  project  ventrally  and  disclose  the 
underlying  structures.  The  latter  condition  is  shown  in  the 
figure  (W.  f.  176,  m). 

(5)  Next  comes  the  lower  lip  (labium,  or  hypopharynx), 
which  is  a  large,  median  structure  attached  ventrally  to 
the  floor  of  the  mouth  by  a  triangular  piece  of  tissue,  the 
submentum.  The  labium  consists  essentially  of  a  basal  rod 
(mentum)  from  which  projects  a  long,  flexible,  jointed  tongue 
(ligula)  bearing  a  specialized  structure,  termed  the  spoon, 
or  bouton,  at  its  tip  (W.  f.  176,  l,  b). 

(6)  On  either  side  of  the  tongue  is  a  pair  of  jointed, 
elongated  organs,  known  as  the  labial  palps  (W.  f.  176,  Ip). 
Lying  lateral  to  the  labial  palps  are  the  lower  jaws,  or  max¬ 
illae,  and  the  maxillary  palps  (W.  f.  176,  mx,  mxp). 

The  mouth  parts  of  the  Bee  are  adapted  for  extracting 
nectar  from  flowers.  They  are  so  constructed  that  the  max¬ 
illae  and  the  labial  palps,  tying  on  either  side  of  the  tongue, 
can  be  brought  together  to  form  a  tube  which  encloses  the 
tongue,  and  in  which  the  latter  can  be  moved  back  and  forth. 
The  drops  of  nectar  are  first  collected  on  the  hairs  which 
cover  the  tongue.  They  are  then  forced  upward  by  the 
action  of  the  maxillae  and  labial  palps.  Finally,  the  epi¬ 
pharynx  can  be  so  placed  as  to  afford  a  direct  passage  into 
the  oesophagus. 

2.  The  Thorax 

The  thorax  in  all  Insects  consists  of  three  segments,  each 
of  which  bears  a  pair  of  legs.  These  are  known,  beginning 
anteriorly,  as  the  prothoracic,  mesothoracic,  and  meta- 
thoracic  segments.  The  paired  legs  are  named  in  accord¬ 
ance  with  the  segment  to  which  they  are  attached.  The 
mesothoracic  and  the  metathoracic  segments  each  bears  a. 
pair  of  wings  in  addition  to  the  pair  of  legs.  The  wings 
consist  of  a  membranous,  transparent  material  supported 
by  heavier  chitinous  structures,  known  as  veins.  The  two 
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wings  on  the  same  side  of  the  body  may  be  united  to  each 
other  by  means  of  a  row  of  hooks  which  are  present  on  the 
anterior  margin  of  the  hind  wing.  The  hooks  can  be  in¬ 
serted  in  a  receptacle  on  the  posterior  margin  of  the  anterior 
wing.  When  the  Bee  is  flying,  the  wings  are  widely  extended. 
When  at  rest,  the  wings  are  drawn  close  to  the  body  on  each 
side.  The  wings  and  the  legs  are  operated  by  very  powerful 
muscles,  which  lie  in,  and  largely  fill,  the  thoracic  cavity. 

Structure  and  Functions  of  the  Legs.  The  three  pairs 
of  legs  of  the  Bee  are  beautifully  adapted  for  the  various  nec¬ 
essary  types  of  work.  They  are,  indeed,  to  be  ranked  among 
the  most  remarkable  structures  that  are  found  in  the  In¬ 
sects,  or  for  that  matter  in  any  other  group  of  animals. 
The  fundamental  structure  of  the  Bee’s  legs  is  typical  of 
Insect  legs  in  general.  They  consist  of  five  joints,  or  seg¬ 
ments,  which,  beginning  with  the  one  attached  to  the  body, 
are  named  as  follows :  coxa.,  trochanter,  femur,  tibia, 
and  tarsus  ;  the  latter  is  itself  made  up  of  five  parts,  the 
first  of  which  is  known  as  the  metatarsus.  The  joints,  the 
coxa  and  trochanter  are  comparatively  small  and  lie  close 
to  the  body ;  the  femur,  tibia,  and  tarsus,  therefore,  comprise 
the  major  portion  of  the  leg.  (W.  f.  177,  B .) 

Prothoraeic  Legs.  The  femur  and  tibia  are  covered  with 
characteristic  long  branched  hairs,  a  few  of  which  may  also 
be  found  on  the  coxa  and  trochanter.  These  hairs  aid  in 
gathering  pollen.  On  the  outer  surface  of  the  tibia,  just 
above  where  it  joins  with  the  tarsus,  is  a  stiff  brush  of  curved 
bristles,  known  as  the  pollen  brush,  which  is  used  to  brush 
the  loose  pollen  grains.  Attached  to  the  inner  side  of  the 
tibia  nearby  is  a  flattened,  movable,  chitinous  structure,  the 
velum,  which  somewhat  resembles  in  shape  the  blade  of  an 
old-fashioned  razor.  The  velum  joins  with  a  crescent-shaped 
indentation,  known  as  the  antenna  comb,  on  the  inner  side 
of  the  first  joint  of  the  tarsus.  It  contains  a  number  of 
toothed  structures  as  in  a  comb.  The  velum  and  the  an¬ 
tenna  comb  form  the  antenna  cleaner.  The  antennae, 
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held  in  place  by  the  velum,  can  be  drawn  through  the  curved 
antennae  comb  and  cleaned  in  this  way.  On  the  outer  edge 
of  the  large  first  joint  of  the  tarsus,  there  is  a  row  of  stiff 
bristles  which  project  a  considerable  distance  beyond  the  sur¬ 
face  of  the  leg.  These  bristles  constitute  the  eyebrush. 
The  latter  is  used  to  brush  the  hairs,  which  project  in  con¬ 
siderable  numbers  from  the  surface  of  the  large  compound 
eyes,  and  thus  rid  them  of  any  foreign  particles  that  may 
be  lodged  between  them.  The  next  three  joints  of  the  tarsus 
are  small  and  similar  in  structure.  The  last  joint  of  the 
tarsus  is  so  fashioned  as  to  permit  the  animal  to  cling  to 
various  types  of  surfaces.  Also  on  this  joint  of  the  tarsus, 
claws  are  developed  laterally  which  bear  tactile,  or  sensory, 
hairs.  Between  the  claws  is  a  comparatively  large,  fleshy 
structure,  known  as  the  pulvillus.  This  structure  is  glandu¬ 
lar,  and  from  it  a  sticky  liquid  is  secreted  which  enables  the 
animal  tooling  to  a  smooth  surface.  (W.  f.  177,  C,  E,  F,  H; 
f.  178.) 

Mesothoracic  Legs.  On  the  distal  end  of  the  tibia,  near 
the  joint  with  the  tarsus,  there  is  a  long  chitinous  rod,  the 
pollen  spur.  It  occupies  about  the  same  position  as  does 
the  velum  on  the  prothoracic ,  legs.  This  pollen  spur  is 
used  to  dislodge  the  pollen  which  has  been  collected  by  the 
animal  and  stored  in  the  special  pollen  baskets.  The  latter 
occur  on  the  metathoracic  leg  and  are  described  below.  A 
pollen  brush  is  present.  The  tarsus  of  the  mesothoracic 
leg,  however,  lacks  both  the  antenna  comb  and  the  eye¬ 
brush.  (W.  f.  177,  D.) 

Metathoracic  Legs.  This  pair  of  legs  possesses  a  number 
of  interesting  modifications.  In  the  first  place,  the  distri¬ 
bution  of  the  branched  filamentous  hairs  is  somewhat  dif¬ 
ferent,  none  at  all  being  found  on  the  tibia  as  in  the  other 
two  legs.  The  tibia  is  modified  to  form  a  large  cavity,  the 
pollen  basket,  which  runs  the  entire  length  of  the  segment. 
It  consists  of  a  long  depression  on  the  outer  surface,  in  which 
the  pollen  is  placed.  The  pollen  is  held  there  by  hairs  which 
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arise  on  the  edges  of  the  tibia.  The  hairs  curve  over  the 
underlying  depression  in  the  tibia  in  such  a  way  as  to  hold 
the  pollen  grains  definitely  in  position.  The  distal  end  of 
the  tibia,  where  it  joins  with  the  tarsus,  has  a  series  of  spines 
which  constitute  the  pecten.  These  fit  into  a  special 
structure,  the  auricle,  on  the  proximal  edge  of  the  tarsus. 
The  auricle  and  the  pecten  together  form  the  wax  pincers. 
On  the  inner  side  of  the  metatarsus  are  the  pollen  combs, 
which  consist  of  several  rows  of  regularly  arranged  bristles. 
The  latter  are  used  to  comb  the  pollen  out  of  the  branched 
hairs  of  the  animal  and  to  transfer  it  to  the  pollen  basket  of 
the  opposite  metathoracic  leg.  (W.  f.  177,  A ,  B,  G .) 

3.  The  Abdomen 

The  abdomen  is  clearly  divided  externally  into  six  seg¬ 
ments.  Each  segment  consists  of  an  enclosing  band  of  the 
chitinous  exoskeleton  which,  when  seen  in  a  transverse 
section,  shows  the  same  general  plan  of  structure  as  found 
in  the  abdominal  segments  of  the  Crayfish,  with  a  dorsal 
plate,  or  tergum,  and  a  ventral  plate,  or  sternum.  The 
separate  exoskeletal  rings  are  connected  and  articulated  with 
each  other  by  soft  membranous  tissues  so  that,  just  as  in 
the  Crayfish,  a  considerable  movement  may  be  brought  about 
by  the  action  of  the  abdominal  muscles.  The  sternum,  on 
each  of  the  four  posterior  segments,  possesses  a  pair  of  ven¬ 
tral  openings  which  are  connected  with  the  internal  wax 
glands. 

At  the  extreme  posterior  end  of  the  abdomen,  enclosed 
within  the  body  wall,  is  a  very  complex  organ  for  defense, 
the  sting.  There  is  an  elongated,  chitinous  rod,  the  sheath, 
and  a  pair  of  darts  with  saw-teeth  edges,  one  of  which  lies 
on  either  side  of  the  sheath.  Laterally,  there  is  a  pair  of 
fleshy,  hair-covered  structures  provided  with  sense  organs, 
the  feelers.  The  feelers  locate  a  favorable  region  on  the 
animal  that  is  being  attacked,  and  then  the  sheath  with  the 
darts  is  forced  down  into  the  tissues  at  the  spot  selected. 
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There  are  large  muscles  attached  to  the  proximal  end  of  the 
sheath  structure  and  also  to  the  abdominal  wall,  which,  by 
their  contraction,  bring  about  the  movement  of  the  sheath 
and  darts.  When  the  darts  have  been  forced  into  the  tissues 
there  is  an  injection  through  them  of  poisonous  material. 
The  latter  is  formed  in  a  convoluted,  tubular  structure, 
the  poison  glands,  which  secrete  the  poison  into  an  en¬ 
larged  portion  of  the  tube,  known  as  the  poison  sac. 
From  the  sac  a  tube  leads  down  along  the  sheath.  The 
poison  is  composed  of  an  acid  and  an  alkali,  and  there  is  a 
definite  region  in  the  poison  glands  for  the  secretion  of  each 
of  these  two  substances.  It  is  stated  that  it  is  generally 
fatal  for  the  Bee  to  use  the  sting,  for,  when  the  darts  and 
the  sheath  have  been  forced  into  the  tissues  of  the  other 
animal,  it  is  very  rarely  that  they  can  be  dislodged  without 
tearing  off  the  posterior  end  of  the  abdomen. 

The  external  structure  of  the  Worker,  as  noted  above,  is 
somewhat  different  from  that  found  in  either  the  Drone  or 
the  Queen.  The  body  of  the  Drone  is  noticeably  larger  than 
that  of  the  Worker,  and  has  a  broad,  heavy  abdomen  which 
lacks  a  sting.  The  metathoracic  legs  lack  the  pollen  basket. 
The  eyes  are  very  large.  The  body  of  the  Queen  resembles 
that  of  the  Worker  in  general  contour,  but  it  is  larger  and  the 
abdomen  is  more  elongated.  The  pollen  baskets  are  lack¬ 
ing  (W.  f.  175). 


B.  Internal  Organs 

The  general  arrangement  of  the  internal  organs  of  the 
Honey  Bee  is  fundamentally  the  same  as  described  in  the 
study  of  the  Crayfish. 

1.  Alimentary  Canal 

The  tubular  alimentary  canal  is  differentiated  to  form  a 
number  of  interesting  structures.  The  mouth  is  adapted 
for  the  intake  of  liquid  food.  The  complicated  mouth  parts, 
as  noted  above,  form  a  tube,  through  which  the  liquid  at 
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the  base  of  the  flower  is  forced  into  the  mouth.  Connecting 
with  the  mouth  is  the  oesophagus.  This  is  a  small,  undif¬ 
ferentiated  tube  running  from  the  mouth  entirely  through 
the  thorax  and  into  the  anterior  end  of  the  abdomen.  Here 
it  enlarges  to  form  a  unique  structure,  known  as  the  honey 
sac.  By  means  of  this  organ  the  Bee  is  able  to  store  tem¬ 
porarily  a  considerable  quantity  of  nectar  for  the  honey. 
When  the  hive  is  reached,  the  nectar  stored  in  the  honey  sac 
can  be  regurgitated  and  placed  in  the  cells  to  form  honey. 

At  the  posterior  end  of  the  honey  sac  there  is  an  opening 
with  four  lips,  known  as  the  stomach-mouth.  These  lips 
are  regulated  by  special  sets  of  muscles  which  open  and  close 
them  when  needed.  The  stomach-mouth  leads  through  a 
short  narrow  tube  into  the  stomach.  The  latter  is  quite 
large  and  has  heavy  muscular  walls,  with  both  longitudinal 
and  circular  layers.  The  stomach  is  lined  with  a  layer  of 
cells  which  secrete  the  digestive  enzymes.  Other  cells  in  this 
lining  layer  are  absorptive,  and  a  certain  amount  of  the  di¬ 
gested  food  is  absorbed  from  the  stomach  by  them  and  passed 
into  the  blood  stream.  The  unabsorbed,  partially  digested 
food  passes  from  the  stomach  into  the  small  intestine.  This 
organ  is  much  smaller  in  diameter,  but  the  walls  have  the 
same  general  structure  as  those  of  the  stomach.  Here  the  re¬ 
mainder  of  the  food  is  digested  and  absorbed  into  the  blood. 
The  small  intestine  enlarges  posteriorly  to  form  the  colon. 
The  latter  merges  into  the  rectum,  which  opens  to  the  ex¬ 
terior  on  the  last  abdominal  segment. 

2.  Respiratory  and  Vascular  Systems 

The  respiratory  organs  of  the  Bee  consist,  as  previously 
noted,  of  a  complex  system  of  thin-walled  air  tubes,  or  tra¬ 
cheae,  which  ramify  through  the  body  tissues.  These 
tracheal  tubes  open  to  the  exterior  through  seven  pairs  of 
definite  openings,  or  spiracles,  which  are  situated  on  the 
right  and  left  sides  of  a  number  of  the  thoracic  and  abdomi¬ 
nal  segments.  There  is  one  pair  of  spiracles  on  both  the 
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prothoracic  segment  and  the  metathoracic  segment,  and  five 
pairs  are  present  on  the  abdominal  segments.  The  spiracles 
open  inside  the  body  into  the  longitudinal  tracheal 
trunks  which  extend  along  either  side  of  the  body,  and 
from  which  the  finer  ramifying  tracheae  arise.  In  the  an¬ 
terior  end  of  the  abdomen,  the  tracheal  trunks  are  verj^  large 
and  constitute  definite  air  sacs,  which,  when  filled  with  air, 
are  supposed  to  aid  the  Bee  in  flight  bjr  lowering  the  specific 
gravity  of  the  animal.  There  is  a  definite  expansion  and  con¬ 
traction  of  these  air  sacs,  possibly  corresponding  somewhat 
to  the  breathing  movements  of  the  higher  Vertebrate  animals. 

This  respiratory  system  of  Insects  is  very  efficient.  The 
air,  containing  oxygen,  comes  into  direct  contact  with  the 
body  tissues.  There  is,  therefore,  no  need  of  a  supple¬ 
mentary  system  to  transport  the  oxygen,  such  as  is  found 
in  the  circulatory  systems  of  other  animals.  As  might  be 
expected  from  this,  the  vascular  system  does  not  show  as 
high  a  development  as  in  some  lower  forms.  It  is  sufficiently 
developed  in  the  Bee,  however,  to  transport  the  absorbed 
food  material  from  the  intestines  to  the  various  parts  of  the 
body,  and  also  to  collect  the  liquid  nitrogenous  wastes  and 
carry  them  to  the  excretory  organs. 

The  main  blood  vessel  in  the  Bee  is  the  dorsal  blood 
vessel.  This  vessel  extends  almost  the  length  of  the  body 
in  a  median  line  just  below  the  dorsal  body  wall.  The  pos¬ 
terior  part  of  this  vessel,  lying  in  the  abdomen,  is  differen¬ 
tiated  to  form  the  heart.  The  latter  consists  of  a  linear 
series  of  five  muscular  compartments,  known  as  the  ventri¬ 
cles,  each  of  which  possesses  a  pair  of  openings,  the  ostia. 
The  heart  lies  in  a  pericardial  sinus,  and  the  general  re¬ 
lations  between  these  structures  are  similar  to  that  observed 
in  the  Crayfish.  The  dorsal  vessel,  of  which  the  heart  is 
a  modified  portion,  continues  posteriorly  a  short  distance 
from  the  heart  and  finally  ends  blindly  in  the  abdomen. 
Anteriorly  this  vessel  passes  into  the  head  region,  where  it 
gives  off  a  number  of  branches. 
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The  course  of  the  circulation  of  the  blood  is  as  follows : 
The  blood,  which  has  been  received  in  the  pericardial  sinus, 
passes  into  the  ventricles  of  the  heart  through  the  paired 
ostia.  By  the  contraction  of  the  ventricles  the  greater  part  of 
the  blood  is  driven  anteriorly  through  the  dorsal  vessel.  It 
passes  from  the  latter  into  various  sinuses  which  eventually 
lead  it  to  the  ventral  part  of  the  body,  from  whence  it  is 
conducted  back  into  the  pericardial  sinus.  The  circulating 
fluid  is  typical  of  that  found  in  many  of  the  Arthropoda. 

3.  Excretory  System 

The  excretory  system  of  the  Bee  and  of  Insects  in  general 
is  different  from  that  of  most  other  animals.  It  consists  of 
a  considerable  number  of  long  filamentous  tubules,  all  of 
which  open  into  the  intestine  near  its  anterior  end.  These 
are  known  as  the  Malpighian  tubules.  The  walls  of  these 
tubes  are  highly  vascularized  and  contain  specialized  cells 
which  are  able  to  take  the  liquid  metabolic  waste  products 
from  the  blood.  These  liquid  excreta,  instead  of  leaving  the 
body  in  a  liquid  form  by  separate  ducts,  are  passed  into  the 
intestine.  The  latter  organ,  therefore,  serves  not  only  as  an 
organ  of  egestion  for  the  elimination  of  indigestible  materi¬ 
als,  but  also  as  an  organ  for  the  excretion  of  metabolic  wastes. 

4.  Nervous  System 

The  nervous  system  shows  a  great  similarity  to  that  of 
the  Crayfish.  However,  the  double  nature  of  the  ventral 
nerve  cord  is  more  clearly  shown  in  the  Bee.  Altogether 
there  are  nine  paired  ganglia  present  in  the  nerve  cord.  Of 
these  two  are  located  in  the  head,  two  in  the  thorax,  and  five 
in  the  abdomen.  The  first,  or  cerebral,  ganglion  constitutes 
the  brain  of  the  Bee.  It  is  situated  in  the  head  above  the 
oesophagus.  Various  branches  are  given  off  from  it  which 
run  to  the  sensory  organs  of  the  head.  Lying  in  the  head, 
below  the  oesophagus,  is  the  suboesophageal  ganglion,  which 
is  also  well  developed.  The  nerves  of  this  ganglion  innervate 
a  number  of  the  mouth  Darts.  Of  the  two  thoracic  ganglia, 
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the  posterior  one  is  much  the  larger  and,  as  in  the  Crayfish, 
undoubtedly  consists  of  a  number  of  fused  ganglia.  This 
large  posterior  thoracic  ganglion  gives  off  nerves  which  in¬ 
nervate  both  pairs  of  wings,  and  also  the  mesothoracic  and 
metathoracic  legs.  The  prothoracic  legs  are  innervated  by 
nerves  from  the  anterior  thoracic  ganglion.  Of  the  five 
abdominal  ganglia,  the  posterior  one  is  the  largest.  Branches 
from  it  innervate  the  genital  organs  and  the  sting.  The  other 
four  ganglia  of  the  abdomen  give  off  nerves  which  supply 
various  other  abdominal  organs. 

In  addition  to  the  ganglionated  ventral  nerve  cord,  as 
just  described,  there  is  also  present,  in  each  segment  of  the 
body,  a  triangular-shaped  nerve  ganglion  from  which  nerve 
fibers  are  given  off.  These  ganglia  are  connected  by  a  com¬ 
mon  nerve  cord,  and  the  entire  structure  is  regarded  as  being 
similar  in  function  to  the  autonomic  nervous  system  of  the 
higher  animals.  There  are  also  a  number  of  small  ganglia 
present  in  various  regions  of  the  bod}'',  which  innervate 
certain  parts  of  the  alimentary  canal,  the  vascular,  and  res¬ 
piratory  systems. 

Sense  Organs.  The  Bee  possesses  a  number  of  sense 
organs  which  are  of  a  high  type  and  capable  of  receiving 
various  types  of  stimuli  from  the  environment. 

Tactile  Organs.  For  the  sense  of  touch,  the  Bee  possesses 
hair-like  structures  situated  on  various  parts  of  the  body, 
but  particularly  on  the  antennae.  There  are  apparently 
two  types  of  these  structures :  large  ones,  known  as  conoid 
hairs,  each  of  which  projects  through  the  wall  of  the 
antennae.  The  conoid  hairs  each  contain  a  central  cavity 
with  a  fine  nerve  fiber.  The  other  tactile  hairs  are  smaller, 
but  otherwise  they  are  essentially  the  same. 

Organs  of  Taste  and  Smell.  The  sense  of  taste  is  located 
apparently  in  certain  cavities  situated  in  the  epipharynx, 
and  also  in  the  tongue  near  its  distal  end.  Each  of  these 
depressions  is  connected  with  the  central  nervous  system  by 
a  nerve  fiber  which  ends  in  a  specialized  area  at  the  base  of 
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the  cavity.  The  sense  of  smell  is  believed  to  be  located  in 
certain  other  cavities  which,  together  with  the  tactile  organs, 
are  situated  on  the  antennae.  It  is  stated  that  the  Worker 
possesses  about  2400,  the  Queen  about  1600,  and  the  Drone 
about  38,000  of  these  olfactory  organs  on  each  antenna. 
The  organs  of  taste  and  smell,  as  just  described,  are  very 
similar  in  structure,  and  it  is  difficult  to  draw  a  clear  dis¬ 
tinction  between  them. 

Auditory  Organs.  The  auditory  organs  of  the  Bee  are 
located  in  certain  specialized  cavities  also  present  in  the 
antennae.  At  the  bottom  of  each  of  these  is  a  cone-shaped 
structure  with  a  nerve  cell  connection.  It  is  still  a  question 
as  to  whether  these  are  really  organs  of  hearing  or  whether 
they  play  some  other  function  in  the  life  of  the  organism. 

Organs  of  Sight.  The  Bee  possesses  two  large  compound 
eyes,  one  on  either  side  of  the  head,  and  three  simple  eyes,  or 
ocelli,  which  are  situated  on  the  dorsal  wall  of  the  head, 
close  to  the  median  line.  The  compound  eyes  are  similar 
in  structure  to  those  found  in  other  Arthropoda.  Each  eye 
is  made  up  of  about  five  thousand  ommatidia.  Projecting 
from  the  surface  of  the  compound  eyes,  and  arising  from  be¬ 
tween  the  ommatidia,  are  a  great  number  of  hairs  which  ap¬ 
parently  are  protective  in  function.  Pollen  grains,  and  other 
debris,  which  lodge  between  the  hairs  are  removed  by  the 
eye-brush  on  the  prothoracic  legs,  the  structure  of  which  has 
already  been  noted.  The  ocelli  are  regarded  as  simple  eyes 
because  each  consists  of  a  single  unit.  Each  ocellus  can  be 
regarded  as  similar  in  function  to  a  single  ommatidium  of 
the  compound  eye.  The  ocelli  are  innervated  by  branches 
from  the  cerebral  ganglion.  (W.  f.  176.) 

5.  Reproductive  System 

Male  Reproductive  Organs.  The  male  reproductive 
organs  of  the  Drones  consist  essentially  of  a  pair  of  testes. 
These  organs  are  made  up  of  a  great  number  of  fine,  coiled 
tubes,  the  spermatic  tubules,  in  which  the  sperm  develop. 
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In  a  testis,  the  spermatic  tubules  all  connect  at  one  end 
with  a  much  larger  coiled  duct,  known  as  the  vas  deferens, 
and  this  in  turn  empties  into  a  still  larger  uncoiled  portion, 
the  seminal  vesicle.  Each  seminal  vesicle  opens  into  a 
glandular  structure,  designated  as  the  accessory  gland. 
The  gland  from  each  side  unites,  and  from  this  region  the 
common  ejaculatory  duct  arises  which  opens  to  the  ex¬ 
terior  through  the  copulatory  organ.  The  mature  sperm, 
after  passing  from  the  testis  through  the  vas  deferens,  may 
be  stored  for  a  time  in  the  seminal  vesicles,  but  eventually 
they  pass  on  into  the  accessory  gland,  where  they  are  mixed 
with  a  secreted  fluid.  They  are  then  ready  to  be  passed  out 
of  the  body  of  the  male,  and  transferred  by  the  copulatory 
organ  of  the  latter  to  a  cavity,  termed  the  spermatheca,  in 
the  Queen. 

Female  Reproductive  Organs.  Fully  developed  fe¬ 
male  reproductive  organs  are  found  only  in  the  Queen. 
The  essential  organs  are  a  pair  of  large  ovaries  in  which  the 
eggs  develop.  The  ovaries  fill  a  large  part  of  the  abdominal 
cavity.  They  contain  eggs  in  various  stages  of  development, 
the  general  arrangement  being  such  that  the  most  mature 
eggs  are  situated  toward  the  posterior  end.  The  eggs  are 
carried  away  from  the  ovary  by  a  short  straight  tube,  the 
oviduct.  The  oviduct  from  each  side  unites  to  form  a 
common  tube,  the  vagina.  Opening  into  the  latter  is  the 
sac-like  spermatheca,  which  contains  sperm  received  from 
a  male  during  the  nuptial  flight.  The  vagina  opens  to  the 
exterior  at  the  posterior  end  of  the  abdomen,  near  the  sting. 
It  is  known  that  the  Queen  can  lay  two  kinds  of  eggs : 

(1)  unfertilized  eggs,  which  develop  into  Drones,  and 

(2)  fertilized  eggs,  which  develop  either  into  another 
Queen,  or  into  the  sexually  undeveloped  Workers.  It  is  not 
known  how  this  process  is  regulated.  (W.  p.  249.) 

Development  of  the  Bee.  When  a  colony  of  Bees 
becomes  so  large  that  the  hive  is  crowded,  a  new  Queen  is 
developed.  Later,  when  the  young  Queen  has  reached  sex- 
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ual  maturity,  the  old  Queen  leaves  the  hive,  accompanied  by 
considerable  numbers  of  followers.  This  is  known  as  swarm¬ 
ing.  The  swarm  eventually  finds  a  suitable  place  in  which 
to  establish  a  new  colony,  and  a  regular  routine  again  begins. 
Shortly  after  this  the  young  Queen  emerges  from  the  old 
hive  and  performs  her  nuptial  flight  during  which  mating 
occurs  high  in  the  air  with  one  of  the  Drones.  Returning 
to  the  old  hive,  the  young  Queen  is  supplied  with  food  by 
the  Workers  and  becomes  practically  an  egg-laying  machine. 
Each  day  she  lays  a  considerable  number  of  eggs,  most  of 
which  are  fertilized.  The  eggs  are  deposited  by  the  Queen 
in  cells  built  by  the  Workers,  and  there  they  develop ;  the 
fertilized  ones  into  Workers,  and  the  unfertilized  into  Drones. 
The  early  development  of  the  egg  of  a  Bee  is  similar  to  that 
of  the  Crayfish. 

6.  Metamorphosis 

Before  finally  reaching  the  adult  condition,  Insects  typi¬ 
cally  pass  through  a  regular  series  of  developmental  stages, 
a  process  which  is  known  as  metamorphosis.  Two  types 
of  metamorphosis  may  be  noted  :  (1)  incomplete  or  direct 
metamorphosis,  as  shown,  for  example,  by  the  Grasshopper, 
and  (2)  complete  metamorphosis,  which  occurs,  for  example, 
in  the  Bee.  The  four  stages  in  the  metamorphosis  of  the  Bee 
are  known  as  the  egg,  larva,  pupa,  and  adult.  They  may 
now  be  considered  in  the  order  named.  The  eggs,  which 
are  laid  by  the  Queen  in  specially  prepared  cells,  are  small, 
oblong  bodies  of  a  rather  grayish  color.  After  a  few  days 
there  develops  from  each  egg  an  elongated,  worm-like  organ¬ 
ism,  the  larva.  The  larva  is  the  feeding  stage,  and  during 
this  period  the  embryos  are  supplied  with  a  highly  nu¬ 
tritious  food,  known  as  chyle,  or  bee-milk.  Chyle  is  formed 
by  the  Workers,  and  it  consists  of  digested  honey  and  pollen 
mixed  with  certain  glandular  secretions.  Certain  of  the 
workers  serve  as  nurses  for  the  larvae,  and  they  see  to  it 
that  the  latter  are  supplied  with  a  plentiful  amount  of  food. 
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The  larval  period  lasts  about  five  or  six  days,  during  which 
time  the  young  embryo  increases  a  great  many  times  in 
size.  Since  the  outer  covering  of  a  larva  is  chitinous  and 
rigid,  it  is  necessary  that  this  be  shed  periodically  and  re¬ 
placed  with  a  larger  size  as  growth  proceeds.  This  process, 
which  takes  place  a  number  of  times  while  the  embryo  is 
in  the  larval  stage,  is  known  as  moulting.  It  is  of  the  same 
character  as  in  the  Crayfish. 

At  the  end  of  the  larval  period,  when  a  certain  size  has 
been  reached,  each  embryo  proceeds  to  spin  a  cocoon  around 
itself.  The  cocoon  is  formed  by  the  secretions  of  certain 
specialized  spinning  glands  which  open  near  the  anterior 
end  of  the  body.  The  secretion,  which  is  given  off  as  a 
liquid,  soon  hardens,  and  the  young  embryo  thus  encases 
itself  in  a  silky  covering,  the  cocoon.  An  embryo  in  this  con¬ 
dition  is  known  as  a  pupa,  and  it  is  a  ‘  resting  ’  stage  which, 
in  the  Bee,  lasts  about  two  weeks.  No  food  is  eaten  during 
this  time,  and  the  embryo  inside  the  cocoon  is  practically 
rebuilt.  The  result  is  that  the  elongated  worm-like  larva 
is  metamorphosed  into  the  adult  flying  insect.  This  remark¬ 
able  process  of  metamorphosis  takes  about  thirteen  days  in 
the  Workers  and  Drones,  but  considerably  less  in  the  Queen. 
When  the  metamorphic  changes  have  been  completed  a 
substance  is  secreted  by  the  Insect  which  dissolves  a  portion 
of  the  cocoon  and  thus  permits  it  to  emerge.  In  many  In¬ 
sects  the  adult  condition  lasts  only  a  short  time.  It  has  as 
its  chief  function  the  reproduction  of  the  species. 

The  process  of  egg  laying  and  development  continues  un¬ 
til  the  hive  becomes  overcrowded.  When  this  occurs  the 
Workers  construct  one  or  more  queen-cells,  and  a  fertilized 
egg  is  deposited  in  each  by  the  Queen.  It  is  generally  be¬ 
lieved  that  the  larva  which  develops  from  this  egg  is  fed  by 
the  Workers  with  a  much  richer  type  of  food  than  are  the 
other  larvae.  Apparently  as  a  result  of  this  the  embryo, 
instead  of  becoming  a  sexually  immature  Worker,  develops 
into  a  sexually  mature  Queen. 
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C.  Activities  of  the  Workers 

Whereas  the  Queen  and  the  Drones  are  concerned  only 
with  reproduction,  there  are  many  essential  activities  of 
the  colony  which’ are  carried  on  by  the  Workers.  These  ac¬ 
tivities  include  the  building  of  the  honeycomb,  the  gathering 
and  preparation  of  pollen  for  food,  the  collection  of  the  nectar 
from  the  flowers,  the  manufacture  of  honey  from  the  nectar, 
and  the  general  care  of  the  hive.  The  latter  comprises  the 
cleaning,  warming,  ventilation,  and  guarding  of  the  hive  as 
well  as  painting  the  interior  with  bee  glue  which  is  secured 
from  various  plants.  It  is  believed  that  the  Workers  also 
determine  when  a  hive  is  getting  overcrowded.  If  such 
occurs,  they  construct  the  special  queen-cells,  noted  above, 
in  which  a  new  Queen  is  developed.  In  the  collection  of  the 
various  substances  from  the  flowers,  the  worker  Bees  inci¬ 
dentally  transfer  pollen  from  one  plant  to  another,  thereby 
bringing  about  cross  fertilization  which,  at  least  in  many 
cases,  is  essential  for  the  plants. 

We  may  now  discuss  some  of  the  activities  of  the  Workers 
in  more  detail.  When  it  is  desired  to  form  wax  for  the  build¬ 
ing  of  a  comb,  the  Bees  eat  a  great  deal  of  honey  and  then 
remain  quiet  for  a  time,  hanging  in  great  numbers  from  the 
top  of  the  hive.  The  honey,  which  has  been  eaten,  is  di¬ 
gested,  and  a  large  part  of  it  is  used  in  the  formation  of  the 
wax,  which  is  secreted  by  the  wax  glands.  The  wax  plates 
thus  formed  are  removed  from  the  abdomen.  The  wax  is 
then  mixed  with  saliva  and  kneaded  by  the  mandibles. 
When  the  proper  consistency  has  been  attained  it  is  placed 
in  just  the  right  place  in  the  comb  which  is  under  construc¬ 
tion.  The  cells  which  compose  a  honeycomb  are  generally 
six-sided.  It  is  a  question  as  to  whether  these  cells,  when 
first  formed  by  the  Bees,  are  hexagonal  or  circular.  Many 
authorities'  believe  the  latter  to  be  the  case,  and  that  the 
six-sided  cell  arises  as  a  result  of  the  equal  pressure  of  the 
surrounding  cells. 
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The  cells  in  a  honeycomb  are  named,  in  general,  according 
to  the  use  which  is  made  of  them.  As  generally  described 
there  are  six  tj^pes  of  cells,  as  follows  :  queen-cells,  drone- 

cells,  WORKER-CELLS,  HONEY-CELLS,  TRANSITION-CELLS, 

and  attachment-cells.  The  largest  of  these  are  the 
queen-cells.  The  drone-cells  are  the  next  in  size,  and  the 
smallest  cells  of  all  are  the  worker-cells.  The  honey-cells 
and  the  worker-cells  are  practically  the  same  size  and  both 
of  these  types  may  be  used,  as  well  as  honey-cells,  for  storing 
the  honey.  The  attachment-cells  arc  irregular  in  shape, 
and  serve  to  attach  the  mass  of  the  honeycomb  to  the  sides 
of  the  hive. 

The  Workers  collect  various  substances  from  the  flowers.  ' 
In  the  first  place,  they  collect  the  nectar  which  is  secreted 
in  a  liquid  form  at  the  base  of  the  flower.  This  is  secured  by 
the  long  tongue  in  connection  with  the  tubular  mouth  parts 
previously  described.  It  is  taken  into  the  body  and  tem¬ 
porarily  stored  in  the  honey  sac  which  forms  an  enlarged 
portion  of  the  oesophagus  just  anterior  to  the  stomach. 

At  the  hive  it  is  regurgitated  and  placed  in  the  honey- 
cells.  These  are  left  uncapped  for  a  time.  As  a  result,  a 
considerable  part  of  the  wTater  in  the  nectar  evaporates,  leav¬ 
ing  a  concentrated  syrup,  which  is  honey.  Each  honey  cell 
is  later  sealed  over  with  a  wax  cap.  The  nectar  of  various 
flowers  is  collected.  The  flavor  of  the  honey  manufactured 
depends  upon  the  flowers  from  which  the  nectar  was  col¬ 
lected.  Some  of  the  flowers  which  suppfy  the  nectar  for 
the  best  honey  are  those  of  White  Clover,  Buckwheat,  and 
Alfalfa. 

In  addition  to  the  nectar  for  honey  manufacture,  the  Bees 
gather  great  quantities  of  pollen.  This  constitutes  one  of 
their  principal  foods.  Pollen  is  rich  in  nitrogenous  mate¬ 
rials  which  are  not  present  in  the  honey,  and  it  is  therefore 
necessary  that  the  Bees  have  it  as  the  basis  of  their  food. 
Another  material  that  is  collected  from  plants  of  various  kinds 
is  bee  glue,  known  as  propolis.  This  is  a  gummy,  resinous 
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substance  which  exudes  from  many  plants.  The  Bees  take 
it  and  use  it  to  fill  up  cracks  and  to  cover  the  interior  of  the 
hive. 

There  are  various  matters  of  sanitation '  that  must  be 
looked  after  in  a  hive  if  it  is  to  be  kept  in  good  shape.  This 
is  due  to  the  fact  that  there  are  so  many  Bees  living  in  close 
quarters.  Any  dead  animals  or  waste  material  of  any  kind 
is  removed  by  Workers  which  are  delegated  for  that  purpose. 
Fresh  air  must  also  be  supplied.  This  is  accomplished  by 
certain  of  the  Workers  who  stay  at  the  entrance  of  the  hive 
and  draw  in  a  current  of  fresh  air  by  keeping  their  wings 
in  motion.  Other  Workers  guard  the  hive  and  act  as  senti¬ 
nels  at  the  entrance. 

D.  Insects  in  General 
1.  Metamorphosis  in  Other  Insects 

It  has  been  noted  above  that  in  some  Insects,  such  as  the 
Grasshopper,  the  metamorphic  changes  are  ‘incomplete.’ 
In  such  a  case  the  pupal  stage  is  lacking.  The  larvae,  known 
as  nymphs,  lack  wings,  and  the  reproductive  organs  are 
immature.  They  grow,  moult  several  times,  and  gradually 
reach  the  adult  condition. 

It  is  during  the  larval  period  of  many  Insects  that  great 
damage  is  done  to  vegetation.  In  general,  the  eggs  of  an 
Insect  are  laid  upon  the  material  best  suited  for  the  larvae 
to  feed  upon.  In  many  cases,  particularly  in  the  Moths, 
the  eggs  are  attached  to  the  leaves  of  trees,  and  when  the 
larvae  hatch,  they  immediately  begin  to  defoliate  the  tree. 
If  they  are  present  in  sufficient  numbers,  as  frequently  hap¬ 
pens,  the  tree  will  be  stripped  of  everything  green,  and 
in  many  cases  actually  killed.  The  silky  cocoon,  spun  at 
the  end  of  the  larval  period,  is  an  interesting  structure, 
and  in  the  case  of  one  species  of  Moth,  Bombyx  mori,  com¬ 
monly  called  the  Silk  Worm,  is  a  very  valuable  product  from 
which  commercial  silk  is  obtained.  This  is  done  by  unwind- 
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ing  the  silky  thread  which  makes  up  the  cocoon,  after  hav¬ 
ing  first  killed  the  pupa  by  placing  in  boiling  water.  It  is 
stated  that  the  length  of  thread  that  may  be  unwound  from 
an  average  cocoon  is  1526  feet,  or  somewhat  more  than 
one-fourth  of  a  mile.  The  larvae  of  many  other  species 
spin  silk,  but  the  cocoons  are  without  commercial  value  either 
because  the  silk  is  not  of  a  good  quality  or  because  it  cannot 
be  unwound. 


2.  Polymorphism  in  Insects 

In  the  study  of  the  Bee  it  has  been  seen  that  a  certain 
amount  of  structural  differentiation  exists  between  the  Queen 
and  the  Workers,  both  of  which  are  potentially  female  ani¬ 
mals.  Such  differentiation  existing  between  the  different 
members  of  the  same  sex  of  a  species  is  a  type  of  polymor¬ 
phism.  This  phenomenon  is  shown  to  the  greatest  degree  in 
certain  species  of  the  Ants,  in  which  forms  the  poljunor- 
phism,  just  as  in  the  Bee,  is  exhibited  for  the  most  part  by  the 
female  individuals.  Thus  there  are  commonly  found  in  an 
Ant  colonjr  the  sexually  mature  Queen,  and  a  series  of  sexually 
immature  female  animals,  such  as  the  large  and  small  Workers, 
Soldiers,  and  various  intermediate  forms.  The  structure  of 
these  forms  has  become  variously  modified  so  that  they  are 
better  adapted  for  their  particular  functions.  For  example, 
the  mandibles  of  the  Soldier  Ants  are  extremely  heavy. 

3.  Economic  Importance  of  the  Insects 

It  would  be  hard  to  over-emphasize  the  economic  impor¬ 
tance  of  this  remarkable  group  of  animals.  There  are  a 
number  of  forms  like  the  Bee  and  the  Silk  Worm  which  con¬ 
tribute  materially  to  man’s  welfare,  but,  on  the  other  hand, 
there  are  an  almost  unlimited  number  of  species  which  are 
very  injurious  and  destructive  in  various  ways. 

It  has  been  estimated  that  the  annual  losses  in  the  United 
States  alone,  due  to  the  destruction  of  plant  and  animal 
products  on  the  farms  by  various  Insects,  amounts  to  more 
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than  three-quarters  of  a  billion  dollars.  This  astounding 
total  does  not  include  the  incalculable  losses  sustained  by 
the  human  race  as  the  result  of  insect-borne  diseases.  The 
germs  of  such  diseases  are  sometimes  carried  externally, 
attached  to  various  parts  of  the  body  as,  for  example,  in  the 
case  of  the  common  House-fly,  which  may  spread  typhoid, 
tuberculosis,  and  other  vicious  diseases  in  this  manner ; 
or  in  many  cases,  the  Insect  may  carry  the  germs  of  the 
disease  internally  and  transmit  it  directly  to  the  victim  by 
injecting  it  in  the  body,  as,  for  example,  in  a  certain  species 
of  the  Mosquito,  which  transmits  Malaria  in  this  manner. 
(W.  pp.  334-338.) 
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The  Mollusca  constitute  a  large,  important,  and  structur¬ 
ally  aberrant  phylum  of  Invertebrate  animals  which  includes 
such  well-known  forms  as  the  Clams,  Oysters,  Snails,  Slugs, 
Squids,  and  Octopi.  These  animals,  although  very  highly 
developed,  exhibit  in  their  bizarre  adult  organization  very 
few  morphological  features  by  which  they  can  be  closely  linked 
to  any  other  group  of  animals.  Also,  the  differences  between 
various  members  of  the  phylum  are  very  great.  This  fact 
may  be  noted  when  one  compares,  for  example,  the  structure 
of  the  common  Clam  with  that  of  a  free-swimming  Squid. 
All  these  Molluscs,  however,  are  triploblastic,  show  no  evi¬ 
dence  of  segmentation  in  the  adult  condition,  and  the  coe¬ 
lom  is  greatly  reduced.  Bilateral  symmetry  is  present  to  a 
greater  or  less  degree.  Two  features  are  present  in  some  form 
or  other  in  all  types  of  Mollusca,  namely  a  muscular  structure, 
known  as  the  foot,  and  a  secreted  shell.  (W.  p.  415.) 

The  study  of  a  representative  of  this  group  is  worth  while, 
not  only  because  of  the  unique  structural  features  which  are 
there  shown,  but  also  because  of  their  importance  from  the 
economic  standpoint.  A  great  many  species  of  Molluscs, 
such  as  the  Oyster  and  Clam,  are  edible.  The  shells  of  some 
species,  such  as  the  fresh  water  Clam,  or  Mussel,  are  used  in 
the  pearl  button  industiy,  and  true  pearls  are  also  formed 
by  Molluscs.  Altogether  the  shell-fish  industry  amounts  to 
many  millions  of  dollars  annually. 

For  our  present  study,  either  the  common,  marine  Hard 
Clam,  or  Quahog  ( Venus  mercenaria),  or  the  fresh  water 
Mussel  ( Unio  or  Anodonta )  may  be  used.  All  these  forms 
are  very  similar  in  general  structure. 

1  Woodruff,  p.  135. 
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A .  External  Structure 

The  Clam  is  completely  enclosed  in  a  secreted  shell,  com¬ 
posed  of  calcium  carbonate.  The  shell  is  made  up  of  a  right 
and  left  half,  each  of  which  is  spoken  of  as  a  valve.  The 
Clam  and  other  Molluscs,  which  have  two  valves,  are  com¬ 
monly  designated  as  bivalves,  in  distinction  to  other  types 
of  Molluscs,  like  the  Snails,  in  which  the  shell  is  single  and, 
therefore,  are  termed  the  univalves. 

In  the  Clam,  the  two  valves  are  hinged  together  along  one 
edge  which  is  regarded  as  the  dorsal  surface  of  the  animal. 
Definite  lines  of  growth  in  the  form  of  concentric  ridges  can 
be  noted  on  the  surface  of  the  shell.  These  lines  radiate 
from  an  elevated  portion,  or  beak,  of  each  valve,  known  as  the 
umbo,  which  typically  points  toward  the  anterior  end  of  the 
animal.  From  these  lines  of  growth  the  size  of  the  animal 
at  various  stages  during  its  development  can  be  definitely 
determined.  Holding  the  Clam  with  the  hinged,  or  dorsal, 
side  up  and  with  the  umbo,  or  anterior,  end  pointing  away, 
we  are  able  to  orient  the  animal  definitely  and  designate  the 
right  and  left  valves. 

The  two  valves  of  the  shell  are  connected  inside  by  two 
large  internal  muscles,  one  of  which  is  situated  near  the 
anterior  end  (anterior  adductor  muscle)  and  the  other  in 
the  same  relative  position  near  the  posterior  end  (posterior 
adductor  muscle).  These  two  muscles  are  very  strong 
and  are  attached  directly  to  the  two  valves,  so  that  when 
they  are  contracted’  the  valves  are  drawn  tightly  together. 
In  opening  a  Clam,  the  ventral  edge  of  the  shell  can  be 
broken  slightly  with  a  hammer.  A  knife  can  then  be  in¬ 
serted  between  the  two  valves  and  the  adductor  muscles 
cut.  When  this  is  done  the  valves  will  spring  apart 
somewhat,  owing  to  the  action  of  certain  ligaments  in  the 
hinges.  The  internal  organs  can  then  be  examined.  (W.  f. 
74,  c,  k.) 
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B.  Internal  Organs 

Both  valves  of  the  shell  are  lined,  except  at  the  extreme 
peripheral  edges,  by  a  thin  tissue  known  as  the  mantle. 
The  mantle  can  be  carefully  separated  from  both  valves  of 
the  shell,  detached  along  the  dorsal  surface,  and  thus  all  the 
internal  organs  of  the  Clam,  enclosed  within  the  two  folds 
of  the  mantle,  can  be  removed  from  the  shell.  Or,  stated  in 
another  way,  the  internal  organs  of  the  Clam  may  be  said  to 
be  enclosed  by  first,  a  heavy  secreted  shell,  and  second, 
a  thin  membranous  layer  of  living  tissue,  the  mantle,  which 
lies  just  within  and  attached  to  the  shell.  The  cells  of  the 
mantle  tissue  form  the  shell  as  a  secretion,  and  the  concentric 
lines  of  growth  indicate  the  former  positions  of  the  edges  of 
the  mantle. 

The  internal  structure  of  the  Clam  can  be  studied  to  ad¬ 
vantage  by  carefully  removing  the  left  valve  of  the  shell, 
together  with  the  left  fold  of  the  mantle.  This  discloses 
the  internal  organs  of  the  body,  which  consist  of  the  visceral 
mass,  gills,  and  foot.  All  these  lie  in  the  space  between 
the  valves  of  the  mantle,  termed  the  mantle  cavity.  At 
the  posterior  end  of  the  animal,  the  edges  of  the  mantle 
form  two  specialized  openings,  the  ventral  siphon  and  the 
dorsal  siphon,  through  which  a  current  of  water  passes  in 
and  out  of  the  mantle  cavity  (W.  f.  74,  m,  n,  o ). 

The  visceral  mass,  composed  of  a  number  of  organs  which 
will  be  considered  in  detail  later,  lies  between  and  somewhat 
dorsal  to  a  line  connecting  the  prominent  anterior  and  pos¬ 
terior  adductor  muscles  which  were  cut  through  in  removing 
the  left  valve.  Ventrallv  the  visceral  mass  merges  into  the 
heavy  muscular  foot.  The  latter  is  an  organ  of  locomotion 
and  may  be  protruded  between  and  beyond  the  ventral  edges 
of  the  valves.  A  pair  of  gills  is  'present  on  each  side  of  the 
visceral  mass.  They  are  suspended  from  the  dorsal  portion 
and  hang  down  ventrally  into  the  mantle  cavity,  reaching 
almost  to  the  edge  of  the  mantle.  (W.  f.  74,  a,  p.) 
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1.  Alimentary  Canal 

The  mouth  opening  is  at  the  anterior  end  of  the  body 
and  lies  just  posterior  to  the  anterior  adductor  muscle  (W.  f. 
74,  b).  Surrounding  the  mouth  are  two  pairs  of  elongated, 
ciliated  structures,  the  labial  palps,  which  are  in  close  con¬ 
nection  with  the  anterior  end  of  the  gills.  Leading  dorsally 
from  the  mouth  there  is  a  short  oesophagus  which  opens  into 
the  anterior  end  of  the  stomach.  The  anterior  wall  of  the 
stomach  lies  against  the  posterior  wall  of  the  anterior  ad¬ 
ductor  muscle.  The  stomach  is  a  rather  large,  undifferen¬ 
tiated  sac  (W.  f.  74,  d ).  Leading  from  near  the  middle  of  the 
ventral  wall  of  the  stomach  is  a  long,  greatly  coiled  intestine 
which,  after  proceeding  ventrally  and  posteriorly  down  into 
the  region  of  the  foot,  makes  a  number  of  coils  and  then  turns 
dorsally  and  continues  this  course  until  it  is  above  the  dorsal 
wall  of  the  stomach.  At  that  point  it  makes  a  right  angle 
turn,  and  runs  directly  posteriorly  until  it  ends  at  the  anal 
opening  which  lies  just  a  little  posterior  to  the  posterior 
adductor  muscle  (W.  f.  74,/,  1). 

The  heart  of  the  Clam  lies  in  a  pericardium  situated  in 
the  median  line,  and  just  below  the  dorsal  body  wall  (W.  f. 
74,  g,  h,  i).  Strangely  enough,  the  intestine  passes  into  the 
pericardial  cavity,  and  directly  through  the  heart  (W.  f.  74,  /). 
On  either  side  of  the  stomach  is  a  digestive  gland,  or  liver, 
which  secretes  certain  digestive  fluids  that  are  emptied  into 
the  stomach  through  two  definite  ducts.  The  intestine,  near 
the  basal  portion  of  the  foot,  is  surrounded  by  the  repro¬ 
ductive  gonads. 

Certain  phases  of  the  Clam’s  nutrition  are  unlike  those 
studied  in  other  animals.  In  the  first  place,  in  the  capture 
of  food,  the  gills,  which  ordinarily  are  simply  respiratory 
organs,  play  a  prominent  part.  A  constant  current  of  water 
is  brought  into  the  mantle  cavity  in  which  the  gills  are 
suspended.  This  water  current  is  due  to  the  action  of  cilia 
on  the  gills.  The  current  *  passes  into  the  mantle  cavity 
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through  the  ventral,  or  inhalent,  siphon,  and,  after  passing 
through  the  gills,  leaves  the  body  through  the  dorsal,  or 
exhalent,  siphon.  As  the  water  passes  through  the  gills,  small 
living  organisms  and  also  very  small  particles  of  organic  ma¬ 
terial,  which  may  be  utilized  for  food,  are  strained  out  from 
the  water.  The  food  particles  are  then  carried  by  the  action 
of  specialized  gill  cilia  to  the  anterior  end  of  the  body,  where 
they  come  into  contact  with  the  ciliated  labial  palps  around 
the  mouth.  The  cilia  of  the  latter  beat  in  such  a  manner  as 
to  create  a  current  which  sweeps  the  particles  into  the  mouth 
opening. 

The  food  thus  taken  into  the  mouth  passes  through  the 
oesophagus,  into  the  stomach,  and  then  into  the  intestine, 
through  the  walls  of  which  the  digested  food  materials  are 
absorbed  and  passed  to  the  circulatory  system.  The  indi¬ 
gestible  materials  pass  on  through  the  intestine  and  are 
egested  at  the  posterior  anal  opening.  From  here  they  are 
carried  to  the  exterior  through  the  exhalent  siphon  by 
the  action  of  the  outgoing  water  current. 

2.  Vascular  System 

The  Clam  has  an  efficient  vascular  system  which,  although 
somewhat  different  in  details,  consists  of  the  same  funda¬ 
mental  parts  noted  in  animals  previously  studied.  Certain 
features  of  the  vascular  system  recall  those  found  in  the 
Crayfish.  The  heart  lies  in  a  membranous  chamber,  the 
pericardium,  and  consists  of  a  large  muscular  ventricle 
through  which,  as  previously  stated,  the  intestine  runs 
(W.  f.  74,  h,  i).  The  pericardial  cavity  is  regarded  as  the 
remains  of  the  greatly  reduced  coelom  which  is  typical  of 
Molluscs.  Leading  from  the  anterior  end  of  the  ventricle  is  the 
anterior  aorta,  and  from  the  posterior  end,  the  posterior 
aorta.  These  are  the  two  main  arteries  of  the  body  and 
they  give  off  branches  which  supply  all  parts  of  the  body. 
Attached  to  the  ventricle  are  two  thin-walled  chambers, 
the  auricles,  one  on  the  right* side  and  one  on  the  left  side 
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(W.  f.  74,  g ).  These  project  ventrally  through  the  peri¬ 
cardium  and  connect  with  the  efferent  branchial  vessels 
from  the  gills.  The  auricles  pass  the  blood  which  they 
receive  into  the  ventricle.  In  the  tissues  of  the  body  are 
numerous  blood  sinuses  similar  to  those  previously  noted 
in  the  Arthropoda.  The  main  vein  of  the  Clam,  the  vena 
cava,  lies  ventral  to  the  pericardium.  The  blood  from  the 
various  regions  of  the  body  finally  collects  in  it,  and  is  then 
passed,  first,  to  the  kidneys,  and  then  to  the  gills. 

There  is  one  morphological  feature  of  the  Molluscan 
circulatory  system  which  shows  a  higher  type  than  any 
hitherto  studied,  and  that  is  the  presence  of  auricles 
in  the  heart.  The  blood  instead  of  returning  to  the  peri¬ 
cardial  cavity  and  then  being  taken  directly  into  the  ventricles 
of  the  heart  through  the  ostia,  as  in  the  Crayfish,  is  received 
from  the  branchial  vessels  by  the  auricles  which  are  con¬ 
nected  with  the  ventricle.  Therefore,  the  pericardial  cavity 
of  the  Clam,  although  it  surrounds  the  heart,  does  not  func¬ 
tion  as  a  receiving  organ  for  the  blood. 

The  general  course  of  circulation  of  the  blood  is  as  follows  : 
Beginning  with  the  ventricle  of  the  heart,  the  blood  is  forced 
either  anteriorly  or  posteriorly  through  the  anterior  aorta, 
or  the  posterior  aorta,  respectively.  These  vessels  distrib¬ 
ute  it  to  all  parts  of  the  body.  After  passing  through  the 
tissues,  largely  by  means  of  the  sinuses,  it  is  finally  collected 
into  the  large  vena  cava.  This  vein  is  connected  directly 
with  the  kidneys,  so  that  all  the  blood  from  it  passes  next 
through  these  excretory  organs.  During  this  passage  the 
liquid  metabolic  wastes  are  removed.  After  passing  through 
the  kidneys,  the  blood  reaches  the  gills  by  way  of  the  afferent 
branchial  vessels.  In  the  gills  the  respiratory  interchange 
of  carbon  dioxide  and  oxygen  takes  place.  The  blood,  now 
freed  both  from  the  liquid  nitrogenous  wastes  and  the  carbon 
dioxide,  and  carrying  a  fresh  supply  of  oxygen,  passes  through 
the  efferent  branchial  vessels  into  the  right  or  left  auricle  of 
the  heart,  and  then  into  the  ventricle,  from  whence  it  is  driven 
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again  over  the  same  course.  It  should  be  stated  that  a 
small  portion  of  the  blood  passes  from  the  heart,  through  a 
branch  of  the  anterior  aorta,  into  the  tissues  of  the  mantle, 
which  also  serves  as  an  organ  of  respiration.  This  blood 
after  passing  through  the  mantle  is  returned  directly  to  the 
heart. 

3.  Respiratory  System 

The  chief  respiratory  organs  of  the  Clam  consist  of  two 
pairs  of  gills  which,  as  we  have  seen,  lie  in  the  mantle  cavity 
on  either  side  of  the  visceral  mass  (W.  f.  74,  p).  Each  gill 
consists  of  two  ciliated,  elongated,  perforated  sheets  of  tissue 
(lamellae),  which  are  separated  a  short  distance  from  each 
other  by  regularly  arranged  vertical  rods,  the  interlamellar 
junctions.  The  edges  of  the  lamellae,  with  the  exception  of 
the  dorsal  surface,  are  united  together.  Each  gill  may  be 
compared  in  its  structure,  therefore,  to  a  very  narrow, 
elongated  bag,  the  top  or  dorsal  side  of  which  is  open. 
The  cavity  of  the  bag  is  divided  by  the  interlamellar  junctions 
into  a  number  of  vertical  compartments,  the  water  tubes. 

The  lamellae  of  the  gills  are  made  up  of  a  large  number  of 
definitely  arranged  parts,  the  gill  filaments.  These  run 
parallel  to  the  interlamellar  junctions  and  give  the  gill  a 
distinct  dorso ventral  striation  (W.  f.  74,  p).  The  filaments 
are  connected  by  interfilamental  junctions.  Regular 
openings,  the  ostia,  are  situated  between  the  gill  filaments 
so  that  water  can  pass  through  them  and  into  the  spaces, 
or  water  tubes,  between  the  lamellae. 

The  gill  filaments  are  covered  with  ciliated  epithelial  cells, 
the  cilia  of  which  exhibit  a  coordinated,  beating  movement. 
This  causes  a  continual  current  of  water  to  be  drawn  into 
the  mantle  cavity  through  the  inhalent  siphon.  The  water 
then  passes  through  the  ostia  of  the  gills  into  the  water 
tubes,  thence  dorsally  into  a  longitudinal  suprabranchial 
chamber  which  opens  posteriorly  into  the  exhalent  siphon. 
During  the  passage  of  the  water  through  the  gills,  the  inter- 
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change  of  carbon  dioxide  from  the  animal  for  oxygen  in 
the  water  takes  place  through  the  thin  walls  of  the  gills. 
The  cilia  on  the  gills  exhibit  considerable  differentiation  both 
in  size  and  function.  The  beat  of  some  of  them  is  such  as 
to  produce  a  current  of  water  carrying  the  food  particles 
toward  the  labial  palps,  from  which  it  passes  into  the  mouth. 

4.  Excretory  System 

The  excretory  organs  of  the  Clam  consist  of  a  pair  of 
kidneys,  which  lie  below  the  pericardial  cavity  and  extend 
slightly  beyond  it  posteriorly.  The  posterior  wall  of  the  kid¬ 
ney  is  in  close  proximity  to  the  posterior  adductor  muscle. 
Each  kidney  consists  of  two  parts  ;  first,  a  glandular  portion 
which  lies  ventrally,  and  second,  a  storage  portion,  or  blad¬ 
der,  which  lies  dorsal  to  the  glandular  portion  and  in  close 
contact  with  the  ventral  wall  of  the  pericardial  cavity. 
These  two  portions  are  separated  for  a  considerable  distance 
by  a  thin  wall  of  tissue,  but  posteriorly  they  are  in  com¬ 
munication  through  a  small  opening.  The  glandular  portion 
of  the  kidney  opens  into  the  pericardial  cavity  at  the  anterior 
end  through  a  small  duct,  the  reno-pericardial  aperture. 
The  bladder  opens  also  anteriorly  through  a  tiny  opening, 
the  renal  aperture.  The  nitrogenous  wastes,  collected  by 
each  kidney,  pass  from  it  at  the  renal  aperture  and  thence 
are  swept  out  of  the  animal  with  the  current  of  water  through 
the  exhalent  siphon. 

The  kidney  apparently  functions  in  two  ways.  In  the 
first  place,  it  is  believed  that  certain  wastes,  present  in  the 
pericardium,  can  be  driven  directly  into  the  glandular  portion 
of  the  kidney  by  the  action  of  the  cilia  lining  the  tube  which 
opens  into  the  pericardial  cavity.  However,  the  greater 
portion  of  the  work  of  excretion  is  done  by  the  glandular 
portion  of  the  kidney  in  taking  the  liquid  wastes  from  the 
blood  passing  through.  It  is  generally  believed  that  the 
kidney  of  the  Clam  represents  a  greatly  modified  type  of 
nephridium  such  as  was  noted  in  the  Earthworm.  Since  the 
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pericardial  cavity  of  the  Clam  represents  the  greatly 
reduced  coelom,  we  have,  therefore,  much  the  same  situation 
as  in  the  Earthworm  with  the  nephridium  opening  directly 
into  the  coelom. 

5.  Nervous  System 

The  nervous  system  of  the  Clam  is  atypical  in  its  structure, 
and  quite  unlike  any  nervous  system  that  has  so  far  been 
noted.  It  consists  of  a  number  of  paired  ganglia  situated 
in  various  regions  of  the  body  and  connected  by  nerve  cords. 
In  the  region  just  posterior  to  the  anterior  adductor  muscle 
is  a  pair  of  ganglia,  the  cerebro-pleural  ganglia,  one  of 
which  lies  on  either  side  of  the  oesophagus.  These  ganglia 
are  connected  with  each  other  by  a  nerve  cord,  the  cerebral 
commissure,  which  passes  around  the  oesophagus  just  before 
the  latter  opens  into  the  stomach.  Running  ventrally  and 
posteriorly  from  each  of  these  ganglia  is  a  nerve  cord,  the 
cerebro-pedal  connective,  which  connects  in  the  basal 
portion  of  the  foot  with  a  ganglion,  known  as  the  pedal 
ganglion.  This  ganglion  is  really  double,  but  the  two 
parts  have  become  almost  completely  fused  so  that,  exter- 
nalty,  the  double  nature  is  not  clearly  apparent.  From 
each  of  the  cerebro-pleural  ganglia  there  is  also  another 
nerve  cord,  the  cerebro-visceral  connective,  which  runs 
posteriorly  and  connects  with  the  visceral  ganglion 
situated  on  the  ventral  side  of  the  posterior  adductor  muscle. 
The  visceral  ganglion  has  the  same  general  structure  as  the 
pedal  ganglion.  These  three  paired  ganglia  with  the  con¬ 
nectives  as  given  constitute  the  main  parts  of  the  nervous 
system  of  the  Clam.  Peripheral  branches  are  given  off  from 
the  various  ganglia,  which  innervate  the  nearby  organs. 

Sense  Organs.  In  the  Clam  the  sense  organs  are  not 
so  well-developed  as  in  the  Arthropoda.  Possibly  this  is 
due  to  the  fact  that  the  Clam  does  not  move  rapidly,  and, 
therefore,  does  not  have  the  same  need  of  complex  sense 
organs.  It  is  interesting  to  note  in  this  connection  that  in 
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another  class  of  the  Mollusca,  which  includes  a  number  of 
free-swimming  species  like  the  Squid  and  the  Octopus,  highly- 
developed  sense  organs,  such  as  eyes,  are  present.  There 
are,  however,  in  the  Clam,  two  sense  organs  which  should 
be  noted.  The  first  of  these  is  known  as  the  osphradium. 
It  consists  of  a  small  area  of  pigmented  epithelial  cells  which 
covers  the  visceral  ganglion.  It  is  believed  that  this  organ, 
in  some  way,  is  able  to  determine  the  purity,  possibly  the 
oxygen  content,  of  the  water  which  is  drawn  into  the  mantle 
cavity.  If  the  water  which  comes  in  is  unsuitable  it  pre¬ 
sumably  stimulates  the  cells  of  the  osphradium,  with  the 
result  that  the  animal  moves  on  to  a  more  suitable  place. 
Another  sense  organ  is  the  statocyst.  It  is  situated  near 
the  pedal  ganglion  and  consists  of  a  small  vesicle,  containing 
a  calcareous  body.  It  is  probably  an  organ  of  equilibration. 
(W.  p.  199.) 

6.  Reproductive  System 

In  most  species  of  Clams  the  sexes  are  separate,  although 
a  few  species  are  hermaphroditic.  The  general  structure 
of  the  male  and  the  female  gonads  is  much  the  same. 
They  are  paired  organs,  situated  in  the  dorsal  portion  of  the 
foot.  The  intestine  which  runs  through  this  same  region  cf 
the  foot  is  more  or  less  surrounded  by  the  gonads. 

The  eggs,  produced  in  the  ovaries  of  the  female,  pass  out 
through  a  small  opening,  known  as  the  genital  aperture, 
which  lies  almost  directly  ventral  to  the  anterior  end  of  the 
pericardial  cavity  and  just  below  the  renal  aperture.  In 
the  fresh-water  Mussel  the  eggs  pass  next  to  the  gills.  The 
particular  portion  of  the  gills  which  retains  these  eggs  —  it 
varies  in  different  species  —  is  known  as  a  brood  pouch, 
or  marsupium.  The  sperm  of  the  male,  produced  in  the 
testes,  passes  out  through  a  similar  opening.  The  sperm, 
however,  are  conveyed  entirely  away  from  the  body  of  the 
male  with  the  current  of  water  passing  out  through  the 
exhalent  siphon.  Some  of  the  sperm  thus  discharged  into 
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the  surrounding  water  are  drawn  into  the  female  animals  by 
the  current  of  water  which  is  continually  taken  in  through 
the  inhalent  siphon.  This  water,  containing  the  sperm, 
bathes  the  gills  of  the  females,  and  there  the  sperm  come  in 
contact  with  the  attached  eggs  and  fertilization  occurs. 

The  fertilized  eggs  develop  in  the  gills  of  the  mother,  and 
in  some  species  remain  there  during  the  following  winter. 
In  all  cases  the  eggs  undergo  a  considerable  period  of  de¬ 
velopment  in  the  gills,  and  are  then  discharged  into  the 
water,  where  they  begin  their  independent  existence.  The 
eggs  of  the  Clam,  when  fertilized,  undergo  complete  seg¬ 
mentation  and  pass  through  the  various  embryonic  stages 
with  which  we  are  familiar.  In  the  fresh-water  Clam  there 
finally  develops  a  characteristic  stage,  known  as  a  glochid- 
ium,  which  is  adapted  for  attaching  itself  to  a  fish  by 
means  of  teeth-like  structures  which  are  present  on  the 
edges  of ‘the  valves.  When  a  fish  comes  in  contact  with  the 
glochidium,  the  gaping  shells  snap  shut  into  the  fish  tissues, 
and  the  embryo  is  thus  attached  to  the  body  of  the  fish, 
where  it  stays  for  a  time  as  a  parasite.  The  skin  of  the  fish 
grows  over  the  glochidium,  and  it  receives  nourishment 
from  the  fish  tissues.  Finally,  it  becomes  liberated  and  takes 
up  its  independent  existence  as  a  mature  Clam. 


XXL  FROG1 


The  animal  kingdom  is  commonly  said  to  be  divided  into 
the  Invertebrates  and  the  Vertebrates.  The  latter, 
however,  really  belong  in  the  very  much  larger  group,  or 
phylum,  known  as  the  Chordata,  which  includes  all  the 
higher  forms  of  animals  possessing  a  backbone,  together 
with  a  number  of  lower  types,  most  of  which  are  scarcely 
known  except  to  zoologists  (W.  pp.  146,  415,  416). 

The  Chordates  as  well  as  all  Vertebrates  possess  the 
following  structural  features : 

(1)  A  dorsal  supporting  axis,  the  notochord,  which  runs 
practically  the  entire  length  of  the  body,  is  present  at  least 
during  development.  Among  the  different  groups  of  Chor- 
date  animals  there  is  considerable  variation  with  regard  to 
the  condition  of  the  notochord  in  the  adult. 

(2)  At  some  period  in  their  life  history  all  Chordates 
possess  paired  lateral  openings,  situated  at  the  anterior  end 
of  the  body,  which  connect  the  cavity  of  the  pharynx  directly 
with  the  exterior.  These  openings  are  known  as  gill  slits, 
and  when  functional  permit  the  water,  taken  in  through  the 
mouth,  to  pass  over  the  gill  filaments,  which  are  developed 
in  the  wall  of  the  slits,  and  then  to  the  exterior.  Respiration 
takes  place  during  this  process. 

(3)  A  well-developed,  hollow  central  nerve  cord,  which  lies 
dorsal  to  the  alimentary  tract,  is  present  at  some  stage  in 
all  the  Chordates.  It  will  be  remembered  that  in  the 
Invertebrates,  such  as  the  Earthworm  and  Crayfish,  the 
central  nerve  cord  is  situated  ventral  to  the  alimentary 
canal. 

1  Woodruff,  pp.  116-118;  135-153. 
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Included  in  the  phylum  Chordata  are  four  subphyla 
designated  as  follows : 

The  Enteropneusta.  A  small  group  of  marine,  worm¬ 
like  animals,  such  as  Dolichoglossus,  which  are  difficult  to 
classify,  but  which  in  their  embryonic  condition  possess  the 
features  noted  above. 

The  Tunicata.  A  group  of  marine  animals,  commonly 
known  as  the  Sea-squirts,  which  are  also  very  atypical  in 
their  adult  structures,  but  are  placed  in  this  group  because 
of  the  characteristic  chordate  structures  present  during 
development. 

The  Cephalochorda.  A  small  group  of  marine  animals 
among  which  is  included  the  important  form,  known  as 
Amphioxus,  or  the  Lancelet.  They  possess  an  elongated, 
fish-like  body,  are  rapid  swimmers,  and  retain  the  structural 
features  of  the  Chordates  throughout  life. 

The  Vertebrata.  This  is  the  highest  group  of  Chordates, 
and  includes  all  animals  having  a  segmented  backbone,  or 
spinal  column,  which  develops  around  the  unsegmented, 
cartilaginous  notochord  of  the  embryo.  To  this  group 
belong  the  familiar  animal  types,  such  as  the  Fishes,  Am¬ 
phibia,  Reptiles,  Birds,  and,  finally,  the  Mammals  among 
which  Man  is  included. 

As  generally  recognized,  there  are  seven  classes  of  Verte¬ 
brate  animals  as  follows : 

Cyclostomata.  These  include  fish-like  forms  such  as 
the  Lampreys.  They  are  cold-blooded,  the  notochord 
persists,  and  the  skeleton  is  cartilaginous.  Neither  jaws  nor 
lateral  fins  are  developed. 

Elasmobranchii.  These  include  the  Sharks  and  Rays. 
They  are  also  cold-blooded,  with  a  cartilaginous  skeleton  and 
partially-persistent  notochord,  but  jaws  are  present. 

Pisces.  These  include  all  the  higher  Fishes,  such  as  the 
Cod  and  Trout.  They  are  cold-blooded,  the  skeleton  is 
ossified,  and  lateral  fins  are  developed. 

Amphibia.  These  include  the  Urodela,  or  tailed  Am- 
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phibians,  like  the  Salamanders;  and  the  Anura,  or  tailless 
Amphibians,  like  the  Frogs  and  Toads.  All  these  animals 
are  cold-blooded  and  have  a  naked,  slimy  skin.  They  all 
breathe  by  gills  at  an  early  period  of  their  life,  but  most  of  the 
Amphibia  later  undergo  metamorphosis,  and  breathe  by 
lungs  in  the  adult  condition.  W ell-de velbped,  five-fingered, 
or  pentadactyl,  limbs  are  present  in  most  instances. 

Reptilia.  These  include  such  forms  as  the  Lizards, 
Snakes,  Turtles,  Crocodiles.  They  are  cold-blooded,  scaly- 
skinned  animals,  none  of  which  breathe  by  gills  at  any  period 
of  their  life  history. 

Aves.  These  include  the  Birds  which  constitute  a  well- 
defined  class  of  Vertebrate  animals.  They  are  all  warm¬ 
blooded,  possess  feathers,  and  have  their  fore  limbs  modified 
for  flying. 

Mammalia.  These  include  the  highest  Vertebrates,  such 
as  the  Whales,  Seals,  Bats,  Horses,  Dogs,  Cats,  Monkeys, 
Man,  etc.  All  these  animals  are  warm-blooded,  are  more 
or  less  covered  with  hair,  and  the  young  are  nourished  for 
a  time  after  birth  by  secretions  from  the  specialized  mam¬ 
mary  glands  of  the  mother. 

A.  The  External  Structure  of  the  Frog 

The  Frog,  although  it  gives  a  good  general  idea  of  the 
chief  structural  features  of  the  Vertebrates,  is  atypical  in 
some  respects.  It  is  possible  that  better  results  could  be 
obtained  from  a  study  either  of  a  lower  Vertebrate,  like 
a  Fish,  or  a  higher  Vertebrate,  such  as  a  Dog  or  Cat.  Since 
these  animals  are  not  so  well  adapted  for  work  in  the  labo¬ 
ratory,  the  Frog  will,  in  general,  be  utilized  as  the  basis  for  the 
present  discussion,  but  in  the  case  of  certain  organs  a  de¬ 
scription  of  the  condition  in  Man  or  some  other  higher 
Vertebrate  will  be  given. 

The  body  of  the  Frog  is  divided  into  two  regions,  the 
head  and  trunk.  The  neck,  which  is  present  in  higher 
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Vertebrates,  is  lacking.  Attached  to  the  trunk  is  a  pair  of 
fore  limbs  and  a  pair  of  hind  limbs,  both  of  which  are  well- 
developed,  jointed,  pentadactyl  appendages.  The  fore  limb 
is  composed  of  three  main  parts,  commonly  known  as  the 
upper  arm,  forearm,  and  hand.  The  latter  is  composed 
of  the  wrist  and  four  well-formed  digits,  together  with  a  very 
rudimentary  first  digit,  corresponding  to  our  thumb,  which 
can  be  felt  through  the  skin.  The  hind  limb  has  the  same 
general  structure  as  the  fore  limb,  but  is  much  larger  and 
more  powerful.  The  various  parts  of  it  are  commonly 
spoken  of  as  the  thigh,  shank,  and  foot.  The  latter  is 
composed  of  the  ankle  and  five  complete  digits.  Between  the 
digits  an  interdigital  web  is  developed.  A  more  detailed 
discussion  and  description  of  the  bones  of  the  limbs  and  also 
of  the  general  skeletal  structure  is  left  until  later  (p.  234). 

The  study  of  the  external  structure  of  the  head  reveals 
the  presence  of  a  very  large  mouth  and  a  pair  of  eyes ;  the 
latter  possess  upper  and  lower  eyelids,  and  normally  protrude 
quite  a  distance  above  the  dorsal  surface.  They  can,  how¬ 
ever,  be  drawn  back  into  cavities  in  the  skull,  and  entirely 
covered  over  by  the  lower  lids ;  the  upper  lids  being  immov¬ 
able.  A  slight  excrescence  in  the  skin,  just  anterior  to  a  line 
drawn  between  the  two  eyes,  marks  the  brow  spot  which  at 
an  early  stage  in  development  is  connected  writh  the  brain. 
Still  farther  forward,  near  the  anterior  end  of  the  head,  is  a 
pair  of  nostrils,  the  external  nares,  which  are  the  external 
openings  of  the  olfactory  organs.  Posterior  and  somewhat 
lateral  to  the  eyes,  a  pair  of  tympanic  membranes  are  to  be 
found.  These  are  circular,  membranous,  disc-like  bodies 
embedded  in  the  skin  of  the  posterior  head  region.  They 
cover  over  the  internal  portion  of  the  ears,  and  also  constitute 
a  part  of  the  auditory  apparatus.  (W.  f.  83) 

The  outer  covering  of  the  Frog’s  body  consists  of  a  smooth, 
slimy  skin  which  is  heavily  pigmented,  particularly  on  the 
dorsal  side  of  the  animal.  When  preparations  of  the  skin  are 
studied  under  the  microscope,  it  will  be  found  to  consist  of 
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an  outer  protective  portion,  the  epidermis,  composed  of 
several  layers  of  epithelial  cells.  Both  mucous  and  poison 
glands  are  formed  in  the  epidermis.  Lying  below  the 
epidermis  is  a  second  portion,  the  dermis,  which  is  further 
divided  into  an  outer  layer,  the  stratum  spongiosum  lying 
next  to  the  epidermis,  and  a  thick,  inner  laj^er,  the  stratum 
compactum.  The  stratum  spongiosum  consists  of  a  ground¬ 
work  of  connective  tissue  fibers  in  which  are  embedded 
numerous  glands,  nerves,  blood  vessels,  lymph  spaces,  etc. 
The  stratum  compactum  of  the  dermis  consists  of  a  thick 
layer  of  very  heavy  connective  tissue  fibers  which,  in  general, 
run  parallel  to  the  surface  of  the  skin.  Vertical  strands  of 
connective  tissue  fibers  are  also  present  in  this  layer,  which 
extend  up  through  the  stratum  spongiosum  to  the  epidermis. 
They  aid  in  holding  the  various  layers  of  the  skin  together. 
The  human  skin  has  somewhat  the  same  structure  (W.  f.  76). 

B.  The  Internal  Structure  of  the  Frog 

The  study  of  the  internal  structure  of  the  Frog  can  best  oe 
started  by  cutting  open  the  ventral  body  wall  in  a  median 
line,  running  anteriorly  to  the  girdle,  or  sternum,  of  the  fore 
limbs,  and  posteriorly  to  the  pelvic  girdle  of  the  hind 
limbs.  After  cutting  through  the  loose  outer  layer  of  skin, 
the  structure  of  which  has  been  noted  above,  one  comes 
into  contact  with  the  muscular  body  wall.  Cutting  through 
this  layer  opens  up  the  body  cavity,  or  coelom,  which  con¬ 
sists  in  the  Frog  of  a  single  large  chamber,  and  thus  exposes 
a  number  of  the  most  important  organs  of  the  body,  col¬ 
lectively  spoken  of  as  the  viscera,  which  lie  in  it.  Dorsal 
to  the  coelom  lies  the  vertebral  column,  in  a  specialized  por¬ 
tion  of  which  is  the  central  nervous  sj^stem.  This  arrange¬ 
ment  of  the  central  nervous  system,  which  is  typical  of  the 
Vertebrates,  is  very  different  from  that  found  in  the  higher 
Invertebrates  in  which  the  nerve  cord  lies  directly  in  the 
coelom,  close  to  the  ventral  body  wall  (W.  fs.  75  A;  75  B). 
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Lying  in  the  anterior  end  of  the  coelomic  cavity,  just  below 
the  sternum,  is  the  heart.  It  is  enclosed  in  a  delicate 
transparent  sac,  the  pericardium  (W.  f.  83,  17-20.  In 
this  figure  the  organs  are  viewed  from  the  left  side,  instead 
of  from  the  ventral  surface).  On  either  side  of  the  heart, 
and  extending  posteriorly  for  a  considerable  distance,  are  the 
three  brown-colored  lobes  of  the  liver.  The  liver  is  one  of  the 
most  prominent  organs  in  the  abdominal  cavity.  The  three 
lobes  are  connected  by  small  tubes,  known  as  the  hepatic 
ducts,  all  of  which  open  into  a  common  gall  bladder.  The 
latter  can  be  noted  as  a  small,  green  sac  lying  between  and 
slightly  dorsal  to  the  lobes  of  the  liver  (W.  f.  83,  13-14). 
The  pair  of  thin-walled  lungs  can  be  seen  lying  posterior 
to  and  on  either  side  of  the  heart  (W.  f.  83,  25-26). 

Projecting  posterior  to  the  liver,  the  stomach  can  be  seen. 
The  anterior,  or  cardiac  portion,  merges  without  very  great 
differentiation  into  the  oesophagus  which  runs  to  the  mouth 
(W.  f.  83,  6,  7).  The  posterior,  or  pyloric,  portion  of  the 
stomach  is  somewhat  smaller  than  the  cardiac  portion.  It 
ends  at  a  definite  constriction,  the  pylorus,  at  which  point 
the  coiled  small  intestine  begins  (W.  f.  83,  8).  The  first 
loop  of  the  small  intestine  curves  anteriorly  and,  together 
with  the  pyloric  end  of  the  stomach,  forms  a  U-shaped  struc¬ 
ture  between  the  two  sides  of  which  the  important  digestive 
gland,  the  pancreas,  is  situated.  The  latter  is  an  elongated, 
yellowish  body  (W.  f.  83,  15).  The  bile  duct  from  the 
gall-bladder  passes  through  the  pancreas,  from  which  it 
receives  a  branch,  and  then  opens  into  the  small  intestine 
near  the  anterior  end.  The  small  intestine  can  be  traced 
posteriorly,  through  a  number  of  coils,  to  where  it  enlarges 
to  form  the  large  intestine,  or  rectum,  which  merges  into  the 
cloaca  and  continues  to  the  exterior  (W.  f.  83,  9-11).  Near 
the  anterior  end  of  the  rectum,  attached  by  a  mesentery  to 
the  wall  of  the  intestine,  a  small  red  body  of  doubtful  func¬ 
tion,  the  spleen,  is  to  be  seen  (W.  f.  83,  16).  The  stomach 
and  intestines  are  suspended  in  the  coelom  by  specialized 
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sheets  of  connective  tissue,  known  as  mesenteries,  which 
are  attached  to  them,  and  which  are  also  continuous  with 
the  layer  of  connective  tissue,  termed  the  peritoneum, 
which  lines  the  coelom  (W.  f.  83,  12 ;  f.  75  B,  pr,  pr'). 

The  urogenital  system,  consisting  of  the  kidneys, 
bladder,  gonads,  and  associated  ducts,  lies  near  the  dorsal 
wall  of  the  coelom  toward  the  posterior  end.  There  is  a  pair 
of  elongated,  brownish-colored  kidneys,  one  of  which  lies 
on  either  side  of  the  coelom  (W.  f.  83,  29).  On  the  ventral 
surface  of  each  kidney  is  a  thin  strip  of  orange-colored  tissue, 
the  adrenal  body.  The  adrenals  are  one  of  the  most 
important  of  the  ductless  glands,  or,  as  they  are  also  called, 
endocrine  organs,  and  give  off  an  essential  secretion  di¬ 
rectly  into  the  blood.  A  very  fine  duct,  the  ureter,  passes 
posteriorly  from  the  lateral  edge  of  each  kidney  and  opens 
into  the  cloaca  (W.  f.  83,  30,  31).  The  cloaca  is  a  common 
chamber  into  which  the  intestinal,  urinary,  and  genital  ducts 
open.  It  is  really  the  modified  posterior  portion  of  the 
rectum,  and  is  present  in  all  the  Vertebrates,  except  in  the 
higher  Mammals.  The  urinary  bladder  also  opens  into  the 
cloaca  opposite  to  the  ureters  (W.  f.  83,  10,  11,  32,  33). 

The  kidneys  have  the  same  structure  in  both  sexes,  but 
the  gonads  and  ducts  are  somewhat  different.  In  the  male 
Frog,  the  testes  are  to  be  seen  as  a  pair  of  small  white  bodies 
attached  near  the  anterior  end  of  each  kidney  (W.  f.  83,  1(9). 
Ducts  from  the  testes  lead  directly  through  the  kidneys  and 
connect  with,  the  ureters.  Thus  in  the  male  Frogs,  the  latter 
serve  as  a  common  duct  for  both  the  kidney  secretions  and 
the  sperm,  and  are,  therefore,  designated  as  the  urogenital 
canals.  A  pair  of  yellowish,  finger-like  structures,  known 
as  the  fat  bodies,  are  to  be  seen  which  are  also  attached 
near  the  anterior  end  of  each  testis  (W.  f.  83,  34)- 

In  the  female  Frog,  lying  in  the  same  region  as  the  testes 
in  the  male,  is  a  pair  of  lobulated  ovaries  with  the  fat 
bodies  attached  to  the  anterior  ends.  A  pair  of  compara¬ 
tively  large,  white,  convoluted  oviducts  are  present,  but  are 
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not  directly  connected  with  the  ovaries.  Each  enlarges 
posteriorly  to  form  a  uterus  which  opens  into  the  cloaca. 
Anteriorly  each  oviduct  ends  in  a  funnel-shaped,  ciliated 
opening  situated  near  the  anterior  end  of  the  coelom.  In 
the  breeding  season  the  ovaries  are  very  large  and  fill  up  a 
great  portion  of  the  body  cavity. 

The  Coelom  in  the  Higher  Vertebrates 

The  general  arrangement  of  the  organs  in  the  coelom  is 
quite  uniform  throughout  the  Vertebrate  series  (W.  fs.  75, 
82-87),  but  in  the  Mammals  including  Man,  the  cavity  of  the 
coelom  is  completely  divided  by  a  sheet  of  muscular  tissue, 
the  diaphragm,  into  an  anterior  portion,  or  thoracic  cavity, 
which  contains  the  heart  and  lungs  ;  and  a  posterior  portion, 
or  abdominal  cavity,  which  contains  the  remainder  of  the 
viscera  (W.  f.  86,  19 ;  f.  87,  13). 

C.  The  Organ  Systems 
1.  Alimentary  Canal1 

Morphology.  The  plan  of  structure  of  the  alimentary 
canal  in  the  Frog,  or  in  any  other  Vertebrate,  is  fundamen¬ 
tally  the  same  as  that  which  was  noted  for  the  first  time  in 
the  stud}''  of  the  Earthworm,  and  then  later  in  other  of  the 
higher  Invertebrates.  In  all  these  forms,  stated  in  the 
simplest  terms,  the  alimentary  canal  consists  essentially  of 
a  tube  which  begins  with  the  mouth  opening  at  the  anterior 
end,  runs  through  the  body,  and  finally  ends  posteriorly  at 
the  anal  opening.  This  tube  may  be  straight  as  in  the 
Earthworm,  or  greath"  coiled  as  in  the  Clam  and,  in  general, 
in  the  Vertebrate  animals.  (W.  fs.  67,  74,  82-88.) 

The  mouth,  or  buccal  cavity,  which  is  the  specialized 
anterior  end  of  the  alimentary  canal,  is  comparatively  large 
in  the  Frog,  and  contains  several  kinds  of  structures  (W.  f. 
83,  1).  The  highly  developed,  muscular  tongue  lies  in  the 


1  Woodruff,  pp.  154-60. 


FROG 


191 


center  of  the  lower  jaw  and  extends  from  near  the  extreme 
anterior  end  to  the  posterior  part  of  the  mouth  (W.  f.  83,  3). 
It  is  attached  to  the  ventral  wall  of  the  mouth,  at  the 
anterior  end  only.  As  a  result  of  this  type  of  attachment, 
the  free  posterior  end  of  the  tongue  can  be  extended  quite  a 
distance  out  of  the  mouth  and  thus  made  use  of  in  the 
capture  of  insects  or  other  small  animal  forms  for  food.  The 
extension  of  the  tongue  is  accomplished  by  rapidly  filling  a 
lymph  space  which  lies  beneath  it.  Posterior  to  the  tongue, 
on  the  ventral  wall  of  the  mouth,  is  a  raised,  circular  body, 
the  glottis,  which  has  a  median,  slit-like  opening  leading 
from  the  mouth  into  the  trachea  and  then  to  the  lungs 
(W.  f.  83,  23).  Also,  on  either  side  near  the  posterior  end  of 
the  tongue  of  the  male- Frog  of  some  species  there  is  a  small 
opening  through  which  air  is  taken  into  the  vocal  sacs. 
The  latter  are  supposed  to  act  as  resonators  and  thus  increase 
the  volume  of  sound. 

In  the  posterior  part  of  the  upper  jaw  on  either  side  is 
the  opening  of  a  Eustachian  tube  which  leads  to  the  cavity 
of  the  middle  ear  (W.  f.  83,  5).  Anterior  to  the  openings 
of  the  Eustachian  tubes  are  a  pair  of  olfactory  openings 
(internal  nares),  and  lying  between  are  two  groups  of  teeth, 
known  as  the  vomerine  teeth  (W.  f.  83,  4)-  Numerous  other 
very  small  teeth  are  borne  around  the  margin  of  the  upper 
jaw  (W.  f.  83,  2).  The  teeth  of  the  Frog  are  not  used  as 
masticating  organs,  but  function  solely  for  holding  food  which 
has  been  captured.  The  bony  portion  of  the  upper  jaw  is 
enclosed  by  a  fleshy  upper  lip.  The  latter  is  lacking  in  the 
lower  jaw,  so  that  when  the  mouth  is  closed  the  lower  jaw 
fits  into  a  groove,  the  sulcus  marginalis,  inside  the  upper 
lip. 

The  buccal  cavity  ends  posteriorly  in  the  distensible, 
anterior  end,  or  gullet,  of  the  oesophagus  (W.  f.  83, 6).  The 
latter  continues  as  a  small,  undifferentiated  tube  through  the 
anterior  part  of  the  coelom  and  then  enlarges,  as  has  been 
noted,  to  form  the  stomach  which  lies  chiefly  on  the  left 
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side  of  the  animal’s  body.  The  stomach  gradually  decreases 
in  size  toward  the  posterior  end  and  curves  somewhat  toward 
the  right  side  of  the  body  (W.  f.  83,  7). 

A  microscopical  study  of  a  prepared  section  through  the 
wall  of  the  stomach  shows  that  it  is  comparatively  thick 
and  that  it  is  composed  of  several  layers  of  tissue  as  follows 
(W.  f.  20) 1 :  (1)  The  stomach  is  covered  externally  by  a  thin 
layer,  the  serosa,  which  is  formed  by  the  peritoneum  of  the 
coelom;  (2)  below  the  serosa  is  a  heavy  muscular  layer 
composed  of  a  thinner  layer  of  longitudinal  muscle  fibers 
and  a  thicker  layer  of  circular  muscle  fibers;  (3)  below 
the  muscular  layer  is  the  submucosa  which  consists  of  con¬ 
nective  tissue  and  vascular  elements ;  (4)  finally,  the  stomach 
is  lined  by  the  essential  endodermal  mucosa.  This  layer 
consists,  in  general,  of  well-developed  glands  embedded  in 
connective  tissue  elements.  The  glands  secrete  the  enzj^mes, 
such  as  pepsin,  and  also  other  substances  which  are  essential 
in  digestion.  The  glands  are  larger  in  the  cardiac  portion 
of  the  stomach.  (W.  f.  20,  eg.) 

The  small  intestine  consists  of  two  portions ;  the 
anterior  portion,  known  as  the  duodenum,  which  connects 
with  the  pyloric  end  of  the  stomach,  and  the  posterior 
portion,  known  as  the  ileum.  There  is  no  particular  struc¬ 
tural  differentiation  to  be  noted  between  these  two  portions. 
The  duodenum  curves  anteriorly  and  thus  in  the  Frog  forms 
with  the  stomach  a  U-shaped  structure.  The  duodenum 
forms  the  left  side  of  the  U.  The  ileum  begins  at  the  upper 
left  hand  corner  of  the  U  and  then  curves  abruptly  poste¬ 
riorly,  forms  a  number  of  coils,  and  finalty  enlarges  to  form 
the  LARGE  INTESTINE,  Or  RECTUM  (W.  f.  83,  8,  9). 

The  wall  of  the  small  intestine  is  somewhat  thinner  than 
the  wall  of  the  stomach,  but  has  the  same  general  arrange¬ 
ment  of  tissue  layers  (W.  f.  20).  The  mucosa  lining  the 
intestine  is  composed  not  only  of  glandular  cells  for  the 

1  Fig.  20  is  a  section  through  the  small  intestine,  but  it  shows  essen¬ 
tial!}7  the  same  structure. 
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secretion  of  certain  materials,  but  also,  and  probably  chiefly, 
of  absorptive  cells  which  are  able  to  absorb  the  digested  food 
materials  (W.  f.  20,  ep,  eg). 

Physiology.1  While  the  food  of  adult  Frogs  normally 
consists,  for  the  most  part,  of  small  living  animals,  such  as 
Insects  or  Worms,  it  is  known  that  they  will  readily  devour 
almost  any  kind  of  food  which  they  can  get  in  their  mouths. 
They  are  cannibalistic  and  a  large  Bull  Frog,  for  instance, 
will  devour  smaller  individuals  when  the  opportunity  presents 
itself.  The  structure  of  the  tongue,  as  previously  noted, 
is  of  such  a  character  that  the  posterior  end  of  it  can  be  very 
quickly  thrust  out  from  the  mouth.  The  Frog  is  able  to 
capture  even  a  rapidly  moving  Insect  with  this  specialized 
tongue.  In  such  cases,  after  contact  has  been  established,  the 
Insect  is  held  to  the  tongue  by  a  sticky  secretion  and  drawn 
back  into  the  mouth. 

The  captured  food  is  passed  directly  from  the  mouth, 
through  the  oesophagus,  and  into  the  stomach  where,  in 
the  Frog,  the  first  stage  of  digestion  begins.  The  movement 
of  the  food  throughout  the  length  of  the  alimentary  canal  is 
brought  about  by  peristalsis  which  consists  essentially  in 
a  progressive  wave  of  reduction  ,in  the  diameter  of  the  tube 
as  a  result  of  a  contraction  of  the  layer  of  circular  muscle 
fibers  in  the  walls.  The  peristaltic  movement  begins  an¬ 
teriorly  and  as  it  sweeps  posteriorly  forces  the  food-materials 
along  with  it. 

The  movements  of  the  muscular  walls  of  the  stomach  are 
of  such  a  character  as  to  thoroughly  mix  the  food  with  the 
secreted  enzyme,  pepsin.  This  ferment,  working  in  a  slightly 
acid  medium,  due  to  the  presence  of  a  small  amount  of 
hydrochloric  acid,  is  able  to  begin  the  process  of  digestion 
of  the  protein  materials  and  to  change  them  into  peptones. 
Both  the  pepsin  and  the  hydrochloric  acid  are  secreted  by 
the  endodermal  glands  noted  above. 

When  the  proper  condition  of  the  food  has  been  obtained, 
1  Woodruff,  pp.  157-160. 
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the  pyloric  valve  opens,  and  the  partially  digested  food  is 
passed  through  it  and  into  the  duodenum.  Here  it  is  acted 
upon  by  the  digestive  fluids  secreted  by  the  pancreas  and 
carried  to  that  region  by  the  common  bile  duct.  The 
pancreatic  juice  contains  three  principal  digestive  agents 
as  follows :  (1)  trypsin,  which  further  acts  on  the  peptones 
and  completes  their  digestion ;  (2)  amylopsin,  which  acts 
on  the  starches  and  changes  them  into  sugar,  and  (3)  lipase, 
which  acts  on  the  fats,  splitting  them  into  a  fatty  acid  and 
glycerine.  The  digestive  action  of  the  pancreatic  enzymes 
is  dependent  upon  an  alkaline  condition  of  the  food.  Both 
the  pancreatic  juice  and,  particularly,  the  bile  have  an 
alkaline  reaction  and  the  food  from  the  stomach  with  an 
acid  reaction  is  mixed  with  these  alkaline  secretions  before 
the  final  phases  of  digestion  take  place  (W.  f.  89).  When 
digestion  is  completed,  the  liquid  food  is  taken  up,  or  ab¬ 
sorbed,  by  the  absorptive  cells  of  the  mucosa,  lining  the 
intestine  and  then  turned  into  the  circulatory  system  for 
transportation  to  all  regions  of  the  body. 

The  Functions  of  the  Liver.  The  liver,  which  is  the 
largest  gland  in  the  body,  has  several  functions  particularly 
in  connection  with  nutrition.  In  the  first  place,  it  secretes 
the  alkaline  bile  which,  as  has  been  noted,  aids  in  overcoming 
the  acidity  of  the  food  from  the  stomach.  It  is  believed 
that  certain  substances  in  the  bile  play  additional  roles  in 
converting  starch  into  sugar,  and  also  in  emulsifying  fats, 
so  that  they  can  be  absorbed  from  the  intestine  without  being 
chemically  changed.  Undoubtedly,  bile  also  contains  a 
certain  amount  of  excretory  materials.  In  the  second  place, 
the  liver  has  the  power  of  forming  glycogen,  or  ‘animal 
starch.’  This  carbohydrate  is  formed  largely  from  sugar, 
but  protein  material  can  also  be  utilized.  It  will  be  noted 
below  in  the  study  of  the  vascular  system  that  the  liver 
receives  the  blood,  containing  absorbed  food  materials, 
directly  from  the  digestive  tract  through  the  hepatic  portal 
vein,  and  it  is  thus  enabled  to  abstract  the  materials  for  the 
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formation  of  glycogen.  In  a  well-fed  animal,  the  liver  con¬ 
tains  considerable  amounts  of  glycogen  which  can  be  returned 
to  the  blood  stream  as  needed.  Before  being  passed  into 
the  blood  stream,  the  glycogen  is  changed  into  dextrose  by 
the  action  of  a  specific  enzyme  in  the  liver.  Finally,  the 
liver  aids  in  the  process  of  excretion  by  changing  the  waste 
products  in  the  blood  into  urea  ;  the  latter  is  later  taken 
from  the  blood  by  the  kidneys.  (W.  pp.  167-168.) 

2.  Vascular  System  1 

The  vascular  system  of  the  Frog,  just  as  previously  noted 
in  a  number  of  Invertebrate  animals,  consists  of  a  system  of 
tubes  and  a  circulating  medium,  the  blood.  Some  of  the 
tubes  carry  blood  from  the  heart  (arteries)  and  others 
carry  blood  to  the  heart  (veins).  In  the  various  tissues  of 
the  bodies,  the  arteries  and  veins  are  connected  by  a  netwoik 
of  thin-walled  vessels  of  microscopic  size  (capillaries). 
Spaces  in  the  tissues  (lymph  spaces)  are  of  general  occurrence 
throughout  the  body.  The  blood,  which  is  propelled  through 
the  vessels  by  the  well-developed  heart,  consists  of  the  liquid 
plasma,  together  with  an  enormous  number  of  atypical 
unicellular  bodies,  the  corpuscles,  which  float  free  in  the 
plasma.  The  corpuscles  are  of  two  kinds:  the  red  cor¬ 
puscles  which  contain  the  red  pigment,  haemoglobin, 
necessary  in  the  process  of  respiration,  and  the  amoeba-like 
WHITE  CORPUSCLES,  01’  LEUCOCYTES.  (W.  f.  7,  H,  I,  J.) 

Heart.  This  organ  in  the  Frog  is  composed  of  three 
chambers,  namely,  a  ventricle  and  two  auricles.  Thus 
in  its  structure  it  may  be  said  to  occupy  a  middle  position 
between  the  two-chambered  fish-heart  (W.  f.  91 ;  au,  v ),  and 
the  four-chambered  heart  of  the  highest  Vertebrates  (W.  f. 
92,  C :  y,  y',  z,  z').  There  is  a  thick-walled,  conical-shaped 
ventricle  which  lies  posterior.  This  is  the  main  pumping 
part  of  the  heart  and,  by  its  rhythmical  contractions,  drives 


1  Woodruff,  pp.  161-174. 
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the  blood  through  the  arteries  to  all  parts  of  the  body  (W. 
f.  92,  B :  z ).  Anterior  to  the  ventricle  there  are  two  thinner 
walled  cavities,  the  auricles,  one  to  the  right  and  one  to  the 
left  (W.  f.  92,  B :  y,  y').  Opening  into  the  right  auricle,  on 
the  dorsal  surface  of  the  heart,  is  a  large  triangular  sac,  the 
sinus  venosus  (W.  f.  92,  B :  x),  which  receives  blood  from 
all  parts  of  the  body  through  three  veins ;  from  the  anterior 
regions  through  the  right  and  left  anterior  venae  cavae, 
and  from  the  posterior  regions  through  the  posterior  vena 
cava  (W.  f.  92,  B :  w,  t ).  Opening  into  the  left  auricle  are 
the  pulmonary  veins  which  bring  blood  to  the  heart  from 
the  lungs  (W.  f.  92,  B:  e ).  Leading  from  the  ventricle  is  a 
vessel  with  heavy  muscular  walls,  the  conus  arteriosus, 
which  branches,  soon  after  leaving  the  heart,  to  form  three 
pairs  of  important  arteries  noted  below.  All  the  blood  from 
the  ventricle  passes  out  through  the  conus  arteriosus  (W.  f. 
92,  B :  ca ).  The  heart  lies  in  a  transparent  sac,  the  pericar¬ 
dium,  which  is  originally  a  part  of  the  coelom,  but  in  the 
adult  condition  becomes  entirety  shut  off  from  the  main 
body  cavity. 

Veins.  The  three  largest  veins  in  the  Frog  are  the  right 
and  left  anterior  venae  cavae  and  the  single  posterior 
vena  cava,  all  of  which  open  into  the  sinus  venosus. 
Emptying  into  the  anterior  venae  cavae  are  smaller  veins 
which  receive  the  blood  from  all  the  anterior  parts  of  the 
body,  except  the  lungs,  as  follows :  Blood  from  the  mouth 
region  is  collected  by  a  pair  of  veins,  the  external  jugulars  ; 
from  the  brain  and  other  parts  of  the  head  region  by  a  pair 
of  internal  jugulars  ;  from  the  shoulders  by  a  pair  of 
subscapulars  ;  from  the  fore  limbs  by  a  pair  of  brachials, 
and  from  the  side  of  the  body  and  certain  portions  of  the 
head  by  a  pair  of  musculo-cutaneous  veins.  The  blood  from 
all  of  these  veins  finally  empties  into  either  the  right  or  left 
anterior  vena  cava,  from  which  it  passes  into  the  sinus 
venosus. 

Posteriorly  the  blood  is  received  into  the  posterior  vena 
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cava  from  the  liver  through  the  hepatic  veins,  and  from 
the  kidneys  and  reproductive  organs  through  the  renal 
veins  (W.  f.  92,  B :  s.  q ).  Emptying  into  these  vessels  are 
those  which  received  blood  from  the  body  wall,  hind  limbs, 
etc.,  as  follows :  The  liver  receives  venous  blood  from  (a)  the 
single,  median  abdominal  vein  (W.  f.  92,  B:  p),  which  in 
turn  arises  from  a  pair  of  pelvic  veins,  and  from  (6)  the 
intestinal  tract  through  the  hepatic  portal  vein  (W.  f.  92, 
B :  k ).  The  kidney  receives  venous  blood  from  a  pair  of 
renal  portal  veins  which  arise  from  the  femoral  and 
sciatic  veins  of  the  hind  limbs  (W.  f.  92,  B :  n). 

Arteries.  The  conus  arteriosus,  which  as  previously 
noted  leads  from  the  ventricle,  is  the  root  of  all  the  arteries  in 
the  body.  It  passes  anteriorly  from  the  ventricle,  and,  just 
beyond  the  anterior  edge  of  the  auricles,  divides  to  form  a 
right  and  left  branch,  from  each  of  which  arise  three  arteries, 
thus  forming  a  total  of  six  main  arteries,  or  three  pairs,  from 
the  heart.  These  are  designated  as  a  pair  of  common  caro¬ 
tids,  a  pair  of  pulmocutaneous,  and  a  pair  of  systemic 

ARCHES. 

Each  of  the  common  carotid  arteries  divides  into  an 
external  and  an  internal  carotid,  and  these  run  anteriorly 
and  supply  the  entire  head  region.  They  each  give  off  a 
number  of  branches  as  they  proceed  (W.  f.  92,  B :  b).  The 
pulmocutaneous  arteries  carry  blood  to  the  respiratory 
organs.  They  divide  into  two  main  branches,  one  of  which 
runs  to  the  lungs  (pulmonary  artery)  and  the  other 
(cutaneous  artery)  to  the  skin  and  body  wall  (W.  f.  92, 
B:  d,  /).  Each  of  the  systemic  arches' curves  dorsally  and 
posteriorly.  Posterior  to  the  heart,  and  close  to  the  dorsal 
body  wall,  the  two  arches  unite  to  form  a  single  large  vessel, 
the  dorsal  aorta,  from  which  branches  arise  that  supply 
the  important  abdominal  organs,  the  muscles  of  the  ab¬ 
dominal  body  wall,  and  the  hind  legs  (W.  f.  92,  B :  g).  Be¬ 
fore  uniting  to  form  the  dorsal  aorta,  the  right  and  left 
systemic  arches  on  each  side  gives  off  two  branches :  (1)  the 
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occipito-vertebral,  from  which  arises  (a)  the  occipital 
artery  supplying  the  jaws  and  nose  and  (6)  the  vertebral 
artery  which  runs  to  the  vertebral  column,  and  (2)  the 
brachial  artery  which  is  distributed  to  the  fore  limb  of 
that  side  and  to  the  body  wall  nearby. 

Portal  Systems.  Attention  should  be  called  to  the 

RENAL  PORTAL  SYSTEM  and  the  HEPATIC  PORTAL  SYSTEM. 
The  renal  portal  system  consists  of  a  pair  of  veins  which 
carry  blood  from  the  hind  limbs  to  the  kidneys.  Into  each 
of  these  renal  portal  veins  three  vessels  empty,  a  femoral 
and  a  sciatic  vein  from  the  hind  leg,  and  a  small  dorso- 
lumbar  vein  from  the  body  wall.  Thus,  in  the  Frog  the 
venous  blood  from  the  hind  limbs  and  from  a  portion  of 
the  body  wall,  instead  of  emptying  directly  into  the  vena 
cava,  passes  by  way  of  the  renal  portal  vein  into  the  kidneys. 
In  Mammals  the  renal  portal  system  is  lacking  (W.  f .  92,  B,  C) . 

The  hepatic  portal  system  consists  of  a  single  large  vessel, 
the  hepatic  portal  vein,  which  receives  the  venous  blood, 
with  absorbed  food  stuff,  from  the  alimentary  tract  by  means 
of  the  intestinal,  duodenal,  and  gastric  veins.  This 
blood  is  then  passed  into  the  liver.  After  passing  through 
the  liver  and  being  acted  upon  in  various  ways  by  the  liver 
cells,  this  blood  is  collected  into  the  posterior  vena  cava  and 
taken  to  the  heart  (W.  f.  93).  In  addition  to  the  venous 
blood  from  the  alimentary  tract,  the  liver  also  receives  a 
considerable  supply  of  venous  blood  directly  from  the  hind 
limbs  through  the  abdominal  vein. 

Course  of  the  Circulation  in  the  Frog.  The  general 
course  of  the  circulation  of  blood  in  the  Frog  is  as  follows 
(W.  f.  92,  B) :  The  venous  blood  from  all  parts  of  the  body, 
except  the  lungs,  is  forced  into  the  right  auricle  of  the  heart 
from  the  sinus  venosus,  by  the  contraction  of  the  latter. 
When  the  right  auricle  contracts,  this  venous  blood  is  forced 
into  the  right  side  of  the  common  ventricle.  The  ventricle 
also  receives,  at  the  same  time,  by  the  contraction  of  the 
left  auricle,  the  newly  oxygenated  blood  which  has  been 
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received  from  the  lungs  by  the  pulmonary  veins.  This 
latter  blood,  in  general,  is  received  and  remains  in  the  left 
side  of  the  ventricle,  though  there  is  more  or  less  chance  of 
mixing  the  venous  and  the  oxygenated  blood  in  the  one- 
chambered  ventricle  of  the  Frog’s  heart. 

The  contraction  of  the  ventricle  now  takes  place,  and,  as 
a  result,  the  venous  blood  from  the  right  side  is  first  forced 
out  through  the  conus  arteriosus.  This  latter  vessel  is  so 
arranged  that  the  venous  blood  is  forced  into  the  pulmocu- 
taneous  arteries  which  run  to  the  lungs  and  the  skin.  The' 
oxygenated  blood  from  the  left  side  of  the  ventricle  is  next 
forced  out,  and  this  blood  passes  from  the  conus  arteriosus 
into  either  the  carotid  or  systemic  arteries  which,  as  has 
been  previously  noted,  supply  almost  all  parts  of  the  body. 

Both  the  arteries  and  the  veins  break  up  in  the  tissues  into 
a  dense  network  of  microscopic,  connecting  capillaries.  The 
plasma  of  the  blood  and  some  of  the  white  corpuscles  are 
able  to  pass  through  the  thin  walls  of  the  capillaries  and 
thus  come  into  direct  contact  with  the  tissues.  The  portion 
of  the  blood  which  leaves  the  closed  vascular  system  through 
the  walls  of  the  capillaries  is  known  as  lymph,  and  it  finally 
collects  in  the  lymph  spaces.  The  latter  are  comparatively 
large  in  the  Frog.  Contractile  tissue  is  present  in  the  walls 
of  certain  of  the  lymph  spaces  thus  forming  the  lymph  hearts. 
By  means  of  these  structured  the  lymph  is  pumped  back 
into  the  vascular  system.  The  greater  portion  of  the  blood, 
instead  of  passing  through  the  walls  of  the  capillaries, 
continues  on  through  the  capillaries  and  eventually  into 
a  vein  leading  back  to  the  heart.  (W.  pp.  170-174.) 

Physiology.  During  its  circulation  through  the  tissues 
of  the  body  the  blood  gives  off  to  the  cells  the  oxygen, 
which  was  collected  in  the  lungs,  and  the  absorbed  food 
materials  received  from  the  intestine.  It  also  distributes 
certain  materials  from  various  glands  of  the  body,  such  as 
sugar  from  the  liver,  which  has  been  noted  above,  and 
various  internal  secretions,  or  hormones.  These  are 
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considered  in  the  following  section.  The  blood  picks  up  the 
waste  products  of  the  tissue  cells  and  transports  them  to 
the  excretory  organs ;  the  latter  consisting  of  the  lungs,  skin, 
and  kidneys.  In  a  word,  the  blood  carries  on  a  general  system 
of  transportation  as  previously  seen  in  other  animals. 

3.  Respiratory  System 1 

Morphology.  In  the  adult  Frog  the  chief  organs  of 
respiration  are  the  skin  and  the  lungs.  The  skin  is  highly 
vascularized,  and  the  blood  is.  brought  into  close  contact 
with  the  oxygen  in  the  water  or  in  the  air.  Each  lung  in  the 
Frog  consists  of  a  thin-walled  sac  (W.  f.  83,  26).  Leading 
anteriorly  from  each  lung  is  a  short  tube,  the  trachea 
(W.  f.  83,  24).  The  two  tracheae,  that  is  one  from  each 
lung,  unite  to  form  the  laryngo-tracheal  cavity,  lying 
just  below  the  glottis  (W.  f.  83,  23)  in  the  mouth  cavity,  in 
the  walls  of  which  are  the  vocal  cords.  The  latter  are 
attached  in  such  a  way  that  the  air  in  forcibly  passing  from 
the  lungs  sets  them  vibrating.  The  pitch  of  the  sound  pro¬ 
duced  can  be  altered  by  changing  the  tension  of  the  cords. 

In  breathing,  air  is  taken  in  through  the  openings  of  the 
external  nares,  and  then  passed  into  the  mouth  cavity  through 
,  the  internal  nares  (W.  f.  83,  4)-  When  the  mouth  cavity 
contains  sufficient  air,  the  external  openings  are  closed  so 
that  the  air  cannot  escape  through  them.  The  muscles  in 
the  floor  of  the  lower  jaw  next  contract,  and  the  air  is  thereby 
forced  from  the  mouth  cavity,  through  the  glottis,  and  on 
into  the  lungs.  Air  is  forced  out  of  the  lungs  by  a  con¬ 
traction  of  the  body  wall.  The  respiratory  movement  in  the 
Frog  is  very  different  from  that  found  in  the  higher  Verte¬ 
brates,  but  the  end  result  in  either  case  is  the  same,  namely, 
the  forcing  of  the  external  air  into  the  vascular  lungs  so  that 
the  respiratory  exchange  can  take  place. 

Physiology.  The  essential  phase  of  respiration,  namely, 

1  Woodruff,  pp.  16S-170. 
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the  gaseous  interchange  between  cells  of  an  organism  and 
their  environment,  takes  place  in  all  the  tissues  of  the  body. 
However,  in  order  for  this  interchange  to  take  place  in  the 
higher  animals,  a  respiratory  mechanism,  or  system,  such 
as  has  been  noted  above,  must  be  present.  In  the  adult 
Frog  and  in  the  higher  Vertebrates,  this  system  consists  of 
the  lungs  and  skin  which  serve  as  aerating  agents,  and  the 
vascular  system  which  supplies  the  means  of  transportation. 

In  the  lungs,  the  blood  gives  off  carbon  dioxide  and  takes 
up  oxygen.  In  the  body  tissues  the  blood  gives  off  oxy¬ 
gen  and  takes  up  carbon  dioxide.  In  both  these  phases 
of  respiration,  it  is  the  red  coloring  matter,  or  haemoglobin, 
present  in  the  red  corpuscles  of  the  blood,  which  plays  the 
leading  role.  This  wonderful  and  complex  chemical  com¬ 
pound  has  the  power  of  forming  some  kind  of  a  loose  com¬ 
bination  with  oxygen  in  the  lungs,  where  the  oxygen  is 
abundant.  In  the  body  tissues,  where  carbon  dioxide  is 
abundant,  it  releases  the  oxygen  and  picks  up  the  carbon 
dioxide  which  is  carried  to  the  lungs.  It  is  generally  believed 
that  the  plasma  of  the  blood  is  also  very  important  as  a 
carbon  dioxide  carrier. 

4.  Excretory  System1 

Attention  has  already  been  given  to  the  part  played  by  the 
lungs  and  skin  in  the  process  of  excretion.  There  now 
remains  to  consider  the  kidneys  which  in  the  Frog  and 
other  Vertebrates  play  the  chief  role  in  removing  liquid 
nitrogenous  wastes  from  the  blood.  This  soluble  nitrogenous 
waste  compound,  known  as  urea,  is  a  white  crystalline  sub¬ 
stance,  containing  more  than  46  per  cent,  of  nitrogen,  and 
has  the  chemical  formula  of  (NH2)2CO.  The  actual  synthesis 
of  urea  is  accomplished  primarily  in  the  liver ;  its  abstraction 
from  the  blood  is  accomplished  by  the  kidneys.  The  kidneys 
also  remove  water  and  various  inorganic  salts.  The  com- 


1  Woodruff,  pp.  175-180. 
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plete  liquid  waste  excreted  by  the  kidneys  is  known  as 

URINE. 

The  pair  of  kidneys  of  the  Frog,  or  mesonephroi  as  they 
are  technically  termed,  lie,  as  has  been  noted  (p.  189),  in  the 
coelom  close  to  the  dorsal  body  wall  (W.  f.  83,  29).  The 
microscopic  study  of  these  organs  shows  that  they  consist 
of  an  enormous  number  of  tiny,  coiled,  tubular  structures, 
known  as  the  uriniferous  tubules,  which  are  embedded  in 
a  mass  of  connective  tissue.  Each  of  these  coiled  tubes  is, 
in  a  general  way,  comparable  in  its  structure  to  a  single 
nephridium  of  the  Earthworm  (W.  f.  96).  In  fact,  con¬ 
sidered  from  an  evolutionary  standpoint,  the  Vertebrate 
kidney  is  generally  believed  to  have  arisen  by  a  consolidation 
of  the  nephridia-like  tubules  to  form  the  definite  kidneys. 
(W.  f.  98.) 

Each  uriniferous  tubule  has  at  one  end  a  capsule-like 
structure,  known  as  the  Malpighian  body.  The  latter  is 
composed  of  an  enlarged  portion  of  the  tubule  (bowman’s 
capsule)  which  is  lined  with  a  peculiar  type  of  cells  and 
encloses  a  greatly  coiled  mass  of  capillaries.  The  latter 
constitute  the  glomerulus.  The  wastes  from  the  blood 
are  given  off  in  the  glomeruli  and  also  in  certain  other  portions 
of  the  uriniferous  tubules  which  are  invested  with  a  network 
of  capillaries.  The  question  as  to  the  specific  waste  re¬ 
moved  by  these  two  portions  of  the  uriniferous  tubules  is 
somewhat  in  doubt.  (W.  f.  98,  C.) 

The  uriniferous  tubules  of  each  kidney  open  into  a  common 
collecting  canal  which,  in  turn,  opens  into  the  ureter  (W.  f. 
83,  80,  81).  In  the  Frog,  there  is  no  direct  connection  be¬ 
tween  the  pair  of  ureters  and  the  bladder ;  all  of  which  open 
directly  into  the  cloaca  (W.  f.  83,  10).  The  arrangement  in 
the  cloaca  is  such  that  the  urea  from  the  ureters  finds  its 
way  into  the  opening  of  the  bladder  (W.  f.  83,  82,  88).  It 
collects  in  that  organ  and  is  later  expelled  from  the  body 
through  the  cloaca.  This  condition  in  the  Frog  is  different 
from  that  found  in  most  of  the  Mammals.  In  the  latter 
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the  ureters  open  directly  into  the  bladder.  A  tube  from 
the  bladder,  known  as  the  urethra,  conveys  the  urea  to  the 
exterior  through  a  special  opening. 

The  blood  is  supplied  to  each  kidney  by  the  renal  artery 
(W.  f.  92,  B,  l ),  which  is  a  branch  of  the  dorsal  aorta,  and  also 
by  the  renal  portal  vein  (W.  f.  92,  B,  n)  which  brings  blood 
from  the  hind  limbs.  In  the  kidneys,  the  blood  is  passed 
through  the  Malpighian  bodies  and  through  the  capillaries 
covering  the  tubules.  During  its  passage  through  these 
structures,  various  inorganic  salts  in  solution  and  other 
waste  substances,  which  are  present,  are  taken  out  of 
the  blood,  passed  into  and  through  the  uriniferous  tubules 
and,  finally,  into  the  cloaca  and  bladder  by  way  of  the 
ureters.  Having  been  relieved  of  various  waste  materials, 
the  blood  is  collected  by  the  renal  veins.  The  latter  open 
into  the  inferior  vena  cava  which  connects  with  the  sinus 
venosus  of  the  heart  (W.  f.  92,  B,  q,  t,  x ). 

5.  Endocrine  System 1 

In  the  Frog  and  other  Vertebrates,  there  are  a  number  of 
very  important  glandular  bodies,  variously  known  as  duct¬ 
less  GLANDS,  ORGANS  OF  INTERNAL  SECRETION,  Or  the  ENDO¬ 
CRINE  organs.  Structurally  they  are  all  characterized  by  the 
absence  of  ducts,  so  that  the  secretions  which  they  manu¬ 
facture,  known  as  hormones,  or  internal  secretions,  are 
passed  directly  into  the  blood  stream  which  carries  them  to 
all  the  tissues  of  the  body.  The  cells  of  the  various  tissues 
pick  out  the  specific  hormone  which  is  essential  to  their  wel¬ 
fare.  Remarkable  results  have  been  obtained  within  the 
last  few  years  by  the  investigations  upon  the  various  endo¬ 
crine  organs,  but  even  so  our  knowledge  of  them  and  of 
their  physiological  actions  is  limited.  Some  of  the  more 
important  of  the  ductless  glands  may  now  be  noted. 

Thyroid  Glands.  These  consist,  in  the  Frog,  of  a  pair 
of  tiny,  spherical  bodies  of  a  yellowish  color,  situated  one 
1  Woodruff,  pp.  181-183. 
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on  either  side  of  the  hyoid  apparatus  of  the  lower  jaw  and 
quite  close  to  the  laryngo-tracheal  cavity.  They  are  richly 
supplied  with  vascular  tissue.  Studied  microscopically 
the  thyroid  tissue  is  found  to  consist  of  a  connective  tissue 
substratum  in  which  are  embedded  numerous  closed  vesicular 
structures,  termed  follicles.  The  wall  of  the  follicles  is 
composed  of  a  single  layer  of  epithelial  cells,  cubical  in 
shape,  and  enclosing  a  comparatively  large  central  cavity. 
The  latter  contains  a  transparent  material,  known  as  the 
colloid  substance,  which  is  rich  in  iodin.  It  is  apparently 
formed  as  a  secretion  of  the  epithelial  cells  which  form  the 
wall  of  the  vesicle. 

The  blood,  which  passes  through  the  thyroid  glands,  picks 
up  a  hormone  which  is  essential  to  the  life  of  the  organism. 
It  has  been  definitely  shown  in  the  Frog  that  this  substance 
has  a  specific  action  upon  the  process  of  metamorphosis 
(Cf.  p.  248).  If  there  is  a  lack  of  it,  metamorphosis  will  be 
inhibited.  On  the  other  hand,  by  supplying  this  hormone 
to  young  tadpoles,  metamorphosis  can  be  brought  about 
at  a  very  early  stage.  Its  fundamental  action  in  the  tissues 
appears  to  result  in  an  increase  in  the  oxidative  processes. 

Pituitary  Body.  This  endocrine  gland  is  a  composite 
structure  found  on  the  ventral  surface  of  the  mid-brain.  It 
consists  partly  of  nerve  tissue,  from  the  infundibulum,  and 
partly  of  an  ectodermal  ingrowth,  the  hypophysis,  from  the 
dorsal  wall  of  the  anterior  end  of  the  alimentary  canal  (W.  f. 
134,  K,  pty ;  f.  104,  C,  k).  Little  is  known  as  to  the  functions 
of  the  pituitary  body,  but  it  has  been  shown  in  Man  that  an 
enlargement  of  it  is  associated  with  an  increase  in  the  size 
of  various  tissues,  particularly  bone  tissue  of  the  limbs  and 
face  —  a  disease  known  as  acromegaly.  In  the  Frog  there 
is  experimental  evidence  that  the  hormone  of  the  pituitary 
body  has  a  regulatory  effect  upon  the  thyroid  gland. 

Adrenal  Bodies.  The  pair  of  adrenals  in  the  Frog  has 
been  previously  noted  (p.  189),  one  lying  on  the  ventral 
surfaoe  of  each  of  the  kidneys.  In  the  higher  Vertebrates  they 


FROG 


205 


are  small  definite  rounded  bodies  situated  near  the  kidneys 
(W.  f .  86, 16) .  The  hormone  secreted  by  these  glands  is  known 
as  adrenin,  and  among  other  things  it  acts  on  certain  nerve 
endings  which,  in  turn,  bring  about  a  contraction  of  the  mus¬ 
cles  of  the  walls  of  the  blood  vessels,  thus  increasing  the  blood 
pressure. 

Combination  Glands.  It  is  worthy  of  note  that  a  number 
of  important  glands  with  ducts  also  form  hormones  and 
other  substances  which  are  passed  directly  into  the  blood 
stream.  The  liver,  for  example,  gives  off  bile  which  passes 
through  the  hepatic  ducts  into  the  intestine;  but  the  liver 
also  secretes  urea  and  sugar  directly  into  the  blood  stream. 
Again,  the  pancreas  secretes  through  a  duct  certain  impor¬ 
tant  digestive  enzymes  into  the  small  intestine,  but  the 
pancreas  also  secretes  a  hormone  directly  into  the  blood, 
which  has  a  specific  action  on  the  kidney  cells.  Diabetes 
in  Man  is  known  to  be  due  to  a  lack  of  this  pancreatic 
hormone  which  is  known  as  insulin.  It  has  recently  been 
isolated  and  is  now  being  used  in  the  treatment  of  diabetes. 
Finally,  the  sex  gonads  —  both  ovaries  and  testes  —  secrete 
certain  hormones  directly  into  the  blood  which  have  a  very 
specific  action  on  various  structures  of  the  body  (W.  p.  206) . 

6.  Nervous  System  1 

The  nervous  system  of  the  Frog  can  be  separated  into 
the  following  components :  (1)  Central  Nervous  System. 

This  consists  of  the  brain  and  spinal  cord.  The  latter 
lies  dorsal  to  the  alimentary  tract,  in  a  special  cavity,  the 
neural  canal,  of  the  vertebral  column.  (2)  Peripheral 
Nervous  System.  This  consists  of  the  paired  cranial  and 
spinal  nerves  which  arise  in  the  central  nervous  system, 
and  run  to  all  parts  of  the  body.  (3)  Autonomic,  or  Sym¬ 
pathetic,  Nervous  System.  This  consists  primarily  of  a  pair 
of  ganglionated  cords  lying  close  to  the  ventral  body  wall. 


1  Woodruff,  pp.  183-202. 
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(4)  Sense  Organs.  These  may  be  regarded  as  specialized 
end  organs  of  the  peripheral  nervous  system,  adapted  for 
receiving  various  types  of  stimuli  from  the  external  en¬ 
vironment.  (W.  f.  106.) 

a.  Central  Nervous  System.  The  central  nervous 
system  arises,  as  will  be  noted  later  (p.  243),  early  in  the 
development  of  the  embryo  by  the  definite  infolding  of  a 
portion  of  the  ectoderm  of  the  dorsal  body  wall  to  form  a 
hollow  neural  tube  which  runs  practically  the  entire  length 
of  the  body.  When  first  formed  the  neural  tube  shows  very 
little  differentiation,  but  in  a  short  time  the  anterior  end 
becomes  enlarged  and  modified  to  form  three  divisions, 
known  as  the  fore-brain,  mid-brain,  and  hind-brain. 
From  these  the  entire  brain  of  the  adult  Frog  is  formed.  The 
remainder  of  the  neural  tube  posterior  to  the  brain  retains 
throughout  life  a  considerable  degree  of  its  early  character 
and  becomes  the  spinal  cord  of  the  adult.  (W.  f.  104.) 

The  Brain.  Consideration  may  now  be  given  to  the 
external  structure  of  the  fully-developed  Frog’s  brain  as 
seen  from  the  dorsal  surface.  The  extreme  anterior  end  con¬ 
sists  of  the  fused  olfactory  lobes  (W.  f.  105,  B,  a).  A  pair 
of  olfactory  nerves,  which  innervate  the  olfactory  sense 
organs,  can  be  traced  anteriorly  from  this  region.  Poste¬ 
riorly,  the  olfactory  lobes  merge  into  a  pair  of  elongated  bod¬ 
ies,  the  cerebral  hemispheres,  which  together  constitute 
the  cerebrum  (W.  f.  105,  B,  h).  Posterior  to  the  cerebrum 
is  an  unpaired  structure,  known  as  the  diencephalon, 
which  bears  the  pineal  body  (W.  f.  105,  B,  c ).  The  parts 
of  the  brain  so  far  enumerated  develop  from  the  fore-brain. 
Just  back  of  the  diencephalon  is  a  pair  of  egg-shaped  optic 
lobes  which  constitute  the  mid-brain  as  seen  from  the  dor¬ 
sal  surface  (W.  f.  105,  B,  d ).  Lying  posterior  and  in  close 
proximity  to  the  optic  lobes  is  a  transverse  ridge  of  tissue 
which  constitutes  the  cerebellum  (W.  f.  105,  B,  e ).  Just 
back  of  the  cerebellum  is  the  medulla  oblongata  (W.  f.  105, 
B,  /).  This  appears  as  a  somewhat  enlarged  portion  of  the 
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anterior  end  of  the  spinal  cord.  The  latter  continues  poste¬ 
riorly  through  the  body  without  further  marked  differen¬ 
tiation  (W.  f.  105,  B,  g).  The  cerebellum  and  the  medulla 
develop  from  the  hind-brain. 

The  brain,  as  viewed  from  the  ventral  aspect,  shows  some 
additional  structural  features  (W.  f.  106).  Beginning  again 
at  the  anterior  end,  it  will  be  noted  that  the  fusion  of  the 
olfactory  lobes  is  not  so  complete  as  on  the  dorsal  side.  The 
pair  of  olfactory  nerves  can  be  seen  attached  to  the  ante¬ 
rior  end  of  the  olfactory  lobes  (W.  f.  106,  01).  The  cerebral 
hemispheres  are  not  so  prominent  on  the  ventral  surface. 
Lying  posterior  to  the  cerebral  hemispheres  in  the  median 
line,  is  the  heart-shaped  infundibulum,  and  just  behind  it  is 
the  hypophysis.  The  latter  is  not  composed  of  nerve  tissue. 
The  infundibulum  and  the  hypophysis  taken  together  consti¬ 
tute  the  pituitary  body  wThich  as  noted  is  one  of  the  most 
important  of  the  endocrine  organs  (p.  204).  The  portion 
of  the  ventral  wall  of  the  brain,  which  is  ventral  to  the  optic 
lobes  and  on  which  the  infundibulum  lies,  is  known  as  the 
crura  cerebri.  The  pair  of  optic  nerves,  which  innervate 
the  retina  of  the  eye,  arise  in  the  diencephalon  and  then  run 
ventrally  and  cross  in  the  optic  chiasma,  just  ventral  to 
the  infundibulum  (W.  f.  106,  Op).  The  crossing  of  the 
optic  nerves,  so  that  the  fibers  from  the  right  side  supply  the 
left  eye  and  vice  versa,  is  a  noteworthy  feature  of  the  optic 
nerves  in  the  Vertebrates. 

One  of  the  characteristic  features  of  the  Vertebrate  cen¬ 
tral  nervous  system  is  the  fact  that  it  is  hollow.  The  cen¬ 
tral  cavity,  when  it  is  first  formed,  is  quite  large,  but,  in  the 
adult  condition,  the  walls  of  the  central  nervous  system 
thicken  and  most  of  the  original  cavity  is  thus  obliterated, 
leaving  only  a  small  central  canal  which  persists  in  the 
spinal  cord  throughout  life.  In  the  adult  brain  connecting 
with  the  anterior  end  of  the  central  canal  there  is  a  series  of 
cavities  (ventricles)  connected  by  openings  (foramina). 
The  ventricles  in  the  brain  are  the  remains  of  the  original 
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cavity  of  this  portion  of  the  central  nervous  system  (W.  f. 
104,  A,  B,  C ).  The  ventricles  may  be  seen  to  good  ad¬ 
vantage  in  longitudinal  sections  through  the  brain  in  either 
a  vertical  (sagittal)  or  a  horizontal  (frontal)  plane.  If, 
for  example,  a  frontal  section  through  the  brain  is  studied, 
the  ventricles  will  be  seen  as  paired  structures.  The  first 
pair  of  ventricles  (lateral  ventricles)  form  the  cavities 
of  the  cerebral  hemispheres  and  extend  anteriorly  to  the 
olfactory  lobes.  The  lateral  ventricles  are  connected 
posteriorly  by  a  transverse  opening  (foramen  of  monro). 
The  foramen  of  Monro  communicates  posteriorly  with  the 
single  third  ventricle  which  lies  in  the  diencephalon.  An 
optic  ventricle  is  present  in  each  of  the  optic  lobes.  These 
communicate  with  each  other,  also  anteriorly  with  the  third 
ventricle,  and  posteriorly  with  the  single  large  fourth  ven¬ 
tricle  which  lies  in  the  medulla.  The  fourth  ventricle 
decreases  in  size  posteriorly  and  merges  into  the  central  canal 
of  the  spinal  cord. 

The  brain  of  the  higher  Vertebrates  is  characterized 
structurally  by  a  great  increase  in  the  size  of  the  cerebral 
hemispheres  so  that  they  overshadow  the  other  parts. 
This  increasing  dominance  of  the  cerebral  hemispheres 
reaches  its  culmination  in  the  Mammals,  particularly  in 
Man.  The  study  of  the  brain  of  the  Cat  or  of  the  Sheep 
gives  a  good  idea  of  the  structure  of  the  Mammalian  brain. 
(W.  f.  105,  A-E.) 

The  Spinal  Cord.  The  study  of  a  section  of  the  spinal 
cord  shows  it  to  be  roughly  circular  in  outline,  but  with  a  con¬ 
siderable  dorsoventral  flattening  (W.  f.  107,  sp.c ).  It  is 
covered  by  two  membranes:  an  outer,  the  dura  mater,  and 
an  inner,  the  pia  mater.  The  spinal  cord  proper  consists 
of  an  outer  portion,  the  white  matter,  which  is  composed 
largely  of  medullated  nerve  fibers  running  in  a  direction 
parallel  to  the  cord,  and  a  central  portion  of  gray  matter 
(W.  f.  107,  win,  gm).  In  the  layer  of  white  matter,  there 
are  two  clefts,  one  on  the  dorsal  side  of  the  cord  (dorsal 


FROG 


209 


fissure),  and  one  on  the  ventral  side  of  the  cord  (ventral 
fissure)  ;  the  latter  is  the  larger. 

The  gray  matter,  which  is  surrounded  by  the  white  mat¬ 
ter,  really  forms  the  greater  portion  of  the  cord.  It  ex¬ 
tends  both  dorsally  and  ventrally  into  the  white  matter  in 
such  a  way  that  it  forms  a  pair  of  dorsal,  and  a  pair  of 
ventral,  horns.  In  the  center  of  the  gray  matter  and, 
therefore,  in  the  center  of  the  cord,  is  the  central  canal, 
lined  by  epithelial  cells  (W.  f.  107,  c.c.).  The  gray 
matter  contains  great  numbers  of  branched  nerve  cells 
intermingled  with  connective  tissue  elements.  Some  of  the 
processes  of  these  cells  form  the  ventral  roots  of  the  spinal 
nerves,  while  others  connect  the  various  nervous  elements 
of  the  cord  (p.  211). 

b.  Peripheral  Nervous  System  :  I.  Cranial  Nerves. 
In  the  Frog,  there  are  ten  pairs  of  cranial  nerves  which 
arise  from  various  regions  of  the  brain  as  follows  : 

I.  Olfactory  Nerves.  These  are  the  first  pair  and  arise, 
as  previously  noted,  in  the  olfactory  lobes.  They  pass 
anteriorly  and  somewhat  laterally  and  innervate  the  olfac¬ 
tory  sensory  cells  lining  the  nasal  chambers  (W.  f.  106,  01). 

II.  Optic  Nerves.  These  arise  in  the  diencephalon  of 
the  brain  and,  passing  ventrally,  cross  in  the  mid-ventral 
line  to  form  the  optic  chiasma  which  has  been  noted  above. 
From  the  chiasma,  a  pair  of  large  optic  nerves  arise,  and  one 
runs  to  the  retina  of  each  eye  and  innervates  the  sensory 
cells  there  (W.  f.  106,  Op,  g ). 

III.  Oculomotor  Nerves.  These  consist  of  a  pair  of  small 
nerves  which  arise  from  the  ventral  wall  of  the  mid-brain. 
They  run,  on  each  side,  to  the  eye  where,  as  the  name  in¬ 
dicates,  they  innervate  certain  eye  muscles,  as  well  as  some 
other  parts  of  the  eye. 

IV.  Trochlearis  Nerves.  This  pair  of  small  nerves  arises 
posterior  to  the  optic  lobes  on  the  dorsal  side  of  the  brain 
and  runs  to  the  eyes  where  they  innervate  one  of  the  eye 
muscles. 
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V.  Trigeminal  Nerves.  This  is  a  large  and  important  pair 
of  cranial  nerves.  Each  trigeminal  nerve  arises  by  two 
roots  from  the  side,  and  near  the  anterior  end,  of  the  medulla. 
The  two  roots  unite  to  form  the  prootic  ganglion  from  which 
arises  the  trigeminal  nerve  proper.  Each  prootic  ganglion 
marks  the  origin  also  of  an  autonomic,  or  sympathetic 
nerve  trunk.  Each  trigeminal  nerve  soon  branches  into 
two  parts :  (1)  the  ophthalmic  and  (2)  the  maxillo-mandib- 
ular.  The  latter  divides  again  into  two  branches:  (1)  the 
superior  maxillaris  and  (2)  the  mandibular.  The 
various  branches  of  each  of  the  trigeminal  nerves  innervate 
considerable  portions  of  the  facial  region,  more  particularly 
around  the  mouth  and  tongue  and  the  muscles  of  the  lower 
jaw. 

VI.  Abducens  Nerves.  This  pair  of  nerves  arises  from 
the  ventral  side  of  the  medulla,  close  to,  and  on  either  side 
of,  the  mid-ventral  line.  Each  nerve  is  distributed  to  cer¬ 
tain  muscles  of  the  eye  and  also  connects  with  a  prootic 
ganglion. 

VII.  Facial  Nerves.  This  pair  of  nerves  arises  from  the 
medulla  just  posterior  to  the  trigeminal  nerves.  Each  facial 
nerve  divides  into  two  main  branches:  (1)  the  palatine  and 
(2)  the  hyomandibular.  This  nerve  has  a  wide  distribu¬ 
tion  in  various  parts  of  the  face,  nose,  and  throat. 

VIII.  Auditory  Nerves.  These  arise  from  the  medulla 
just  back  of  the  facial  (VII)  and  run  laterally  on  either  side 
to  the  inner  ear,  which  they  innervate. 

IX.  Glossopharyngeal  Nerves.  These  arise  from  the  me¬ 
dulla  posterior  to  the  auditory  (VIII)  and  together  with 
the  fibers  of  the  vagus  (X).  They  innervate  certain  mus¬ 
cles  and  lining  membranes  of  the  tongue  and  pharynx. 

X.  Vagus  Nerves.  These  arise,  as  has  been  noted,  in 
common  with  the  glossopharyngeal.  Each  of  the  vagus 
nerves  has  two  branches ;  the  anterior  one  (ramus  auricu- 
laris)  being  much  smaller.  It  runs  forward  and  is  dis¬ 
tributed  to  the  region  of  the  tympanum  of  the  ear.  The 
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main  branch  of  the  vagus  runs  posteriorly  and  gives  off  a 
number  of  small  branches  which  innervate  the  muscles  of 
the  shoulder.  The  remainder  of  the  posterior  main  branch 
of  this  nerve  is  distributed  to  some  of  the  important  vital 
organs,  such  as  the  oesophagus,  stomach,  lungs,  and  heart 
(W.  f.  106,  Xg). 

In  the  higher  Vertebrates,  two  other  pairs  of  cranial 
nerves  are  present:  the  spinal  accessory  (XI)  and  the 
hypoglossal  (XII),  which  are  distributed  to  the  muscles 
of  the  tongue,  neck,  and  shoulder. 

c.  Peripheral  Nervous  System  :  II.  Spinal  Nerves. 
There  are  ten  pairs  of  spinal  nerves  in  the  Frog  all  of  which 
arise  in  the  spinal  cord,  and  are  distributed  to  various  re¬ 
gions  of  the  body.  In  the  higher  Vertebrates  there  is  a 
considerable  increase  in  the  number  of  pairs  of  spinal  nerves. 
Thus,  in  Man,  there  are  31  pairs.  In  all  the  Vertebrates, 
however,  the  structure  of  the  spinal  nerves  is  essentially  the 
same.  Each  spinal  nerve  arises  in  the  spinal  cord  by  a  dor¬ 
sal  and  a  ventral  root.  The  two  roots  unite  a  short  dis¬ 
tance  from  the  cord,  to  form  a  single  nerve  composed,  there¬ 
fore,  of  both  dorsal  and  ventral  elements  (W.  f.  107,  dr,  vr). 
On  the  dorsal  root,  just  before  the  union  with  the  ventral 
root,  there  is  a  swelling  known  as  the  dorsal  ganglion  (W. 
f.  107,  g).  The  dorsal  roots  are  known  as  the  sensory,  or 
afferent,  roots.  As  thus  indicated  the  nerve  fibers  of  which 
they  are  composed  are  connected  to  sensory  nerve  cells  in 
the  skin  or  other  regions,  which  receive  the  stimuli  (W.  f. 
107,  s,  sf).  The  stimuli  thus  received  are  conveyed  to  the 
spinal  cord  through  the  dorsal  root.  The  ventral  roots  of 
the  spinal  nerves  are  known  as  the  motor,  or  efferent, 
roots.  They  run  from  the  spinal  cord  to  the  peripheral  re¬ 
gion  where  they  connect  with  muscle  tissue.  The  message, 
which  has  come  through  the  sensory,  afferent,  dorsal  root,  is 
relayed  by  the  spinal  cord  to  the  motor,  efferent,  ventral 
root,  through  which  it  reaches  and  stimulates  the  muscles 
necessary  to  bring  about  the  appropriate  response  (W.  f. 
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107,  to,  to/).  The  spinal  nerves  of  the  Frog  are  as 
follows : 

I.  The  first  pair  of  spinal  nerves  arises  from  the  anterior 
end  of  the  spinal  cord  posterior  to  the  medulla.  They 
emerge  from  between  the  first  and  second  vertebrae.  Each 
of  these  nerves  usually  gives  off  a  small  branch  to  the  second 
spinal  nerve  and  then  continues,  in  a  lateral  direction,  into 
the  muscles  of  the  body  wall  (W.  f.  106,  Spn  1 ). 

II.  This  is  a  large  pair  of  spinal  nerves.  Each  one  usu¬ 
ally  receives  a  branch  from  the  first  nerve  and  also  a  branch 
from  the  third.  The  branches  from  these  three  nerves  form 
the  brachial  plexus.  The  important  nerves,  which  arise 
from  this  plexus,  supply  the  muscles  of  the  fore-limbs  and 
shoulders  (W.  f.  106,  Br ). 

III.  The  third  pair  of  spinal  nerves  is  small,  and  each, 
after  giving  off  a  branch  to  the  brachial  plexus  as  noted,  can 
be  traced  laterally  into  the  musculature  of  the  body  wall. 

IV.  V,  and  VI.  These  three  pairs  of  small  nerves,  which 
arise  from  the  spinal  cord  near  the  center  of  the  abdomen, 
are  distributed  to  the  muscles  of  the  body  wall  in  the 
abdominal  region  (W.  f.  106,  Sp  4)- 

VII,  VIII,  and  IX.  These  three  pairs  of  large  spinal 
nerves  run  posteriorly  and  laterally,  and  soon  anastomose 
to  form  the  large  and  important  sciatic  plexus,  from  which 
arises  the  sciatic  nerve  that  innervates  each  hind  leg.  The 
seventh  spinal  nerve,  anterior  to  the  plexus,  gives  off  a  small 
nerve  which  is  distributed  to  the  abdominal  muscles.  The 
sciatic  nerves  can  be  traced  into  the  legs.  Numerous  branches 
are  given  off  which  innervate  the  various  leg  muscles.  (W.  f . 
106,  Js .) 

X.  This  pair  arises  near  the  posterior  end  of  the  spinal 
cord.  The  tenth  nerve  usually  receives  a  small  branch  from 
the  ninth,  and  together  they  form  a  small  plexus  which 
chiefly  innervates  parts  of  the  urogenital  system.  An 
eleventh  pair  of  spinal  nerves  is  occasionally  found  which, 
when  present,  joins  this  plexus. 
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Histology  of  Nerve  Tissue.  The  microscopic  study  of  nerve 
tissue  shows  that  it  is  composed  of  highly  specialized  nerve 
cells,  or  neurons.  The  neurons  are  structurally  distinctive 
in  that  each  possesses  a  relatively  long  process,  termed  the 
axon,  and  one  or  more  shorter  irregular  processes,  termed 
the  dendrites  (W.  f.  102;  f.  7,G).  The  dendrites  convey 
impulses  to  the  cell,  while  the  axon  conveys  impulses  away 
from  the  cell.  A  nerve  consists  of  a  large  number  of  axons 
bound  together  by  connective  tissue  elements.  Each  of  the 
axons  in  a  nerve,  if  traced  to  its  source,  will  be  found  to 
have  its  origin  in  a  single  neuron  which  may  be  located  a 
very  considerable  distance  from  the  peripheral  end  of  the 
nerve.  The  neurons  are  not  found  indiscriminately  scattered 
along  the  nerve  fibers,  but,  in  general,  they  are  grouped  in  the 
central  nervous  system,  and  in  ganglia  such  as  those  present 
on  the  dorsal  roots  of  the  spinal  nerves. 

The  examination  of  a  transverse  section  through  a  nerve 
shows  that  its  method  of  construction  may  be  compared  in 
a  general  way  to  that  found  in  a  telephone  cable.  Cover¬ 
ing  the  nerve  is  a  connective  tissue  sheath,  the  perineurium, 
from  which  strands  of  connective  tissue  are  given  off.  These 
strands  divide  the  nerve  into  a  number  of  compartments,  the 
funiculi,  each  of  which  encloses  several  nerve  fibers.  Carry¬ 
ing  the  analysis  further,  each  of  the  microscopic  nerve  fibers, 
or  axons,  is  found  to  have  a  thin  connective  tissue  sheath, 
the  neurilemma.  The  neurilemma  encloses  a  comparatively 
heavy  sheath  of  fatty  tissue,  the  medullary  sheath,  which, 
in  turn,  surrounds  the  tiny,  central  axon.  Each  axon  in 
this  cable-like  nerve  is  thus  separated,  or  as  we  might  say, 
insulated,  from  all  the  other  nerve  elements  by  the  medullary 
sheath  and  neurilemma,  and  all  the  elements  in  a  nerve  are 
bound  together  by  the  connective  tissue  fibers  which  are 
continuous  with  the  outer  perineurium.  A  nerve  fiber,  such 
as  just  described,  is  known  as  the  medullated  type  in  distinc¬ 
tion  from  the  non-medullated  type,  frequently  found  in  the 
autonomic  system,  in  which  the  medullary  sheath  is  lacking. 
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d.  Autonomic,  or  Sympathetic,  Nervous  System.  There 
are  two  main  nerve  trunks  in  this  division  of  the  nervous 
system,  which  lie  in  the  coelom,  one  on  either  side  of  the 
spinal  column.  Each  trunk  arises  in  the  head  region  in  the 
prcotic  ganglion  which,  it  will  be  remembered,  is  formed  by 
the  trigeminal  (V)  cranial  nerve.  Each  trunk  can  be  re¬ 
garded  as  a  chain  of  ganglia.  The  ganglia  receive  one  or 
more  branches  (ramus  communicans)  from  each  cf  the  spinal 
nerves  near  the  origin  of  the  latter  from  between  the  verte¬ 
brae  (W.  f.  106,  Sg,  1,  7,  10). 

The  branches  of  the  sympathetic  trunks  innervate  various 
important  organs  of  the  body.  In  the  anterior  part  of  the 
body  these  branches  innervate  the  muscular  walls  of  the 
subclavian  and  occipito-vertebral  arteries,  as  well  as  the  an¬ 
terior  ends  of  the  oviducts.  Farther  posteriorly,  the  sym¬ 
pathetic  trunks  give  off  a  number  of  branches  which  unite 
to  form  a  very  important  nerve  plexus,  the  solar  plexus, 
from  which  sympathetic  nerves  are  distributed  to  the  im¬ 
portant  abdominal  organs  including  the  stomach,  intestine, 
liver,  pancreas,  and  parts  of  the  urogenital  organs.  Still 
farther  posteriorly,  branches  from  the  sympathetic  trunks 
form  the  urogenital  plexus  which  also  innervates  various 
of  the  urogenital  organs.  The  sympathetic  nervous  system 
works  independently.  Hence  the  term  autonomic  nervous 
system  is  coming  into  general  use.  It  is  responsible  for  the  in¬ 
voluntary  control  of  many  of  the  most  important  organs  of  the 
body. 

e.  Sense  Organs.1  The  sense  organs  are  composed  of  es¬ 
sential  and  accessory  parts.  The  essential  parts  of  a  sense 
organ  consist  of  a  specialized  sensory  tissue  which  is  capable  of 
receiving  one  or  more  types  of  stimuli  from  the  external  en¬ 
vironment.  In  close  connection  with  this  essential  sensory 
tissue,  accessory  structures  are  generally  present  in  sense 
organs,  which  aid  in  various  ways  in  bringing  the  stimulus 
to  the  nerve  tissue. 


1  Woodruff,  pp.  193-202. 
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I.  Contact  Stimulus  or  Sense  of  Touch.  The  sense  of  touch 
is  located  in  the  skin.  Scattered  through  the  skin  there  are 
specialized  sensory  end  organs,  known  as  touch  corpuscles, 
which  lie  just  under  the  epidermis.  These  touch  corpuscles 
consist  of  a  small  group  of  flattened  cells.  Between  these  cells 
tiny  nerve  endings  are  found  which  are  able  to  receive  con¬ 
tact  stimuli. 

II.  The  Chemical  Sense.  The  skin  of  the  Frog,  as  a 
whole,  is  sensitive  to  chemical  stimuli.  If,  for  example,  a 
drop  of  weak  acid  is  placed  on  the  skin  of  any  region  it  will 
stimulate  sensory  cells  there  present,  and  the  animal  will 
endeavor  to  wipe  off  the  acid.  However,  the  chemical  sense 
is  best  developed  in  the  mouth  and  in  the  olfactory  organs. 
The  sense  of  taste  is  primarily  a  chemical  one,  and  there 
are  many  groups  of  specialized  sense  cells  scattered  over 
the  surface  of  the  tongue  and  also,  more  or  less  generally, 
over  the  entire  lining  of  the  mouth.  The  taste  organs  con¬ 
sist  of  epithelial  cells  together  with  elongated  sensory  cells. 
Each  of  the  latter  is  connected  by  fine  processes  with  a  nerve. 
The  various  chemical  substances  in  the  food  stimulate,  or 
excite,  these  sensory  cells,  and  the  stimuli  thus  received 
are  passed  to  the  central  nervous  system  over  the  connect¬ 
ing  nerve  fibers. 

The  sense  of  smell,  located  in  the  nasal  cavity,  is  also  a 
chemical  sense.  The  air,  which  is  drawn  into  the  nasal 
cavity  through  the  external  nares,  passes  by  certain  sensory 
cells  which  line  this  region.  These  cells  are  extremely  sen¬ 
sitive  to  very  minute  quantities  of  chemical  substances  pres¬ 
ent  in  the  air.  A  microscopic  study  of  the  tissue  lining  this 
cavity  shows  that  this  mucous  membrane  is  made  up  of 
a  basal  connective  tissue  portion  and,  outside  of  this,  a 
layer  of  olfactory  epithelium.  The  latter  contains  three 
types  of  cells,  the  olfactory,  basal,  and  interstitial.  The 
olfactory  cells  are  the  true  sensory  cells.  They  are  greatly 
elongated,  and  at  the  outer  free  end  of  each,  which  forms  a 
portion  of  the  lining  of  the  nasal  cavity,  there  is  a  small 
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bunch  of  fine  hair-like  filaments,  or  cilia.  These  hairs,  in 
some  way,  are  influenced  by  the  chemical  substances  present 
in  the  air,  and  the  stimulus  thus  received  is  passed  through 
the  olfactory  cells  and  finally  reaches  the  nerve. 

III.  The  Sense  of  Hearing  and  of  Position }  The  ear  is 
a  sense  organ  which  is  adapted  for  receiving  two  types  of 
stimuli,  those  of  sound  and  those  of  position,  or  equilibrium. 
In  the  higher  Vertebrates,  the  ear  consists  of  three  parts : 
(1)  the  outer  ear,  which  is  modified  for  collecting  the 
sounds ;  (2)  the  middle  ear,  which  receives  the  sounds  thus 
collected  and  conveys  them  to  (3)  the  inner  ear,  which 
is  the  essential  part,  and  contains  the  nerve  tissue  (W.  f. 
110).  In  the  Frog,  however,  the  outer  ear  is  lacking,  and 
the  sound  waves  come  first  into  contact  with  the  tympanic 
membrane  which  is  a  portion  of  the  middle  ear. 

Considering,  first,  the  structure  of  the  middle  ear,  it  is 
to  be  noted  that  it  is  an  accessory  structure  by  which  the 
sounds  are  conveyed  from  the  external  environment  to  the 
inner,  essential  nervous  tissue  of  the  ear.  The  middle  ear  of 
the  Frog,  beginning  at  the  outer  surface  of  the  body,  consists 
of  the  tympanic  membrane,  as  noted  above  (p.  186).  The  lat¬ 
ter  forms  the  closing  membrane  of  a  tube  which  constitutes 
the  cavity  of  the  middle  ear,  and  which  communicates  with 
the  mouth  cavity  by  means  of  the  Eustachian  tube.  The 
openings  of  the  Eustachian  tubes  in  the  mouth  have  been 
previously  noted.  The  tympanic  membrane  is  of  such 
a  nature  that  the  sound  waves  in  the  air  cause  it  to  vibrate, 
and  these  tympanic  vibrations  are  then  conveyed  through  the 
cavity  of  the  middle  ear  and  into  the  inner  ear  by  a  rod,  the 
columella,  one  end  of  which  is  attached  to  the  tympanic 
membrane,  and  the  other  end  to  a  portion  of  the  inner  ear. 
In  the  ears  of  the  higher  Vertebrates,  there  are  three  bones  in 
the  middle  ear,  known  respectively  as  the  malleus,  incus, 
and  stapes,  or  commonly,  because  of  their  shape,  as  the 


1  Woodruff,  pp.  196-198. 
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hammer,  anvil,  and  stirrup.  Collectively  they  are  known  as 
the  auditory  ossicles.  (W.  f.  110,  m,  c,  d,  l,  k .) 

The  inner  ear  lies  in  a  specialized  bony  cavity  of  the  skull, 
known  as  the  auditory  capsule,  and  is  surrounded  by  the 
liquid  perilymph  which  fills  the  auditory  capsule.  The  in¬ 
ner  ear  consists  of  a  very  complicated  structure,  known  as 
the  membranous  labyrinth,  which  contains  the  essential 
parts  of  the  ear.  The  membranous  labyrinth  is  composed 
of  a  large  upper  portion,  the  utriculus,  which  is  concerned 
with  the  sense  of  position,  and  a  small  portion  lying  below, 
the  sacculus,  which  is  concerned  with  the  sense  of  hearing. 
The  sacculus  has  an  irregular,  bag-like  shape,  is  filled  with 
a  fluid  known  as  the  endolymph,  and  contains  the  nerve 
endings.  The  vibrations  of  the  columella  cause  vibrations 
in  the  endolymph  and  these,  in  some  way,  influence  the  nerve 
endings.  The  stimuli  thus  received  are  conveyed  to  the 
brain  by  the  auditory  nerves  (eighth  cranial)  and  thereby 
give  rise  to  the  sense  of  hearing.  (W.  f.  109,  u,  s .) 

In  the  higher  Vertebrates,  including  Man,  a  greatly  coiled 
structure,  known  as  the  cochlea,  develops  from  the  saccu- 
lus  (W.  f.  110,  i).  It  is  regarded  as  a  derivative  of  the  sac¬ 
culus  of  the  ear  in  the  lower  Vertebrates  (W.  f.  109,  1).  The 
cochlea  becomes  the  essential  part  of  the  ear  for  the  func¬ 
tion  of  hearing.  It  contains  an  extremely  complex  struc¬ 
ture,  known  as  the  organ  of  Corti,  in  which  the  nerve  end¬ 
ings  are  located.  The  vibrations  of  the  auditory  ossicles  are 
communicated  to  the  endolymph  present  in  the  cochlea,  as 
well  as  in  the  rest  of  the  membranous  labyrinth,  at  a  certain 
region  of  the  vestibule  (W.  f.  110,  l,  g ). 

The  utriculus,  in  which  the  sense  of  position  is  located, 
consists  of  a  basal  part  attached  to  the  sacculus,  and  bearing 
three  semicircular  canals  which  lie  primarily  at  right  angles 
to  each  other.  The  utriculus  also  contains  endolymph  sur¬ 
rounding  the  sensory  nerve  cells.  Movements  in  the  endo¬ 
lymph  stimulate  the  sensory  cells,  and  thus  bring  about  a 
sense  of  position.  Experimental  work  has  shown  clearly  that 
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when  the  labyrinth  with  the  semicircular  canals  is  removed 
from  both  sides  of  the  head,  the  Frog  is  not  able  to  regulate 
its  position  at  all.  If  the  labyrinth  is  destroyed  on  only 
one  side  an  asymmetrical  attitude  of  the  Frog  results;  the 
head  being  tipped  one  way  or  the  other  depending  upon  which 
side  is  operated  on  (W.  f.  109,  u,  ca,  ce,  cp ;  f.  110,  g,  e ). 

IV.  The  Sense  of  Sight.1  The  eyes,  which  have  as  their 
specific  function  the  reception  of  light,  or  photic,  stimuli, 
lie  in  special  cavities,  or  orbits,  on  the  dorsal  and  lateral  wall 
of  the  head  (p.  186).  The  eye  is  spherical  in  shape,  and  is  com¬ 
posed  of  several  layers  of  tissue.  It  is  covered  on  the  outside 
by  a  strong,  connective  tissue  sheath,  known  as  the  sclerotic 
coat,  which  forms  a  continuous  covering  of  the  eye  except  for 
one  small  area  in  the  posterior  region  where  it  is  pierced  by  the 
optic  nerve,  running  from  the  eye  to  the  brain.  (W.  f.  112  A,  q.) 
Posteriorly,  the  sclerotic  coat  of  the  eye  is  opaque,  but  in 
the  front  of  the  eye  there  is  a  transparent  region,  known  as 
the  cornea,  through  which  the  light  rays  can  pass  into  the 
interior  of  the  eye  (W.  f.  112  A,  k ). 

Attached  to  the  sclerotic  coat  are  several  eye  muscles  which 
move  the  eye  in  various  directions.  In  the  first  place,  there 
is  a  large  retractor  bulbi  muscle,  attached  to  the  posterior 
portion  of  the  eyeball.  When  this  muscle  contracts  the 
ey''  is  drawn  back  into  the  orbit.  The  eye  is  protruded  from 
the  orbit  by  the  contraction  of  the  levator  bulbi  muscle, 
which  lies  obliquely  along  the  ventral  part  of  the  orbit.2  The 
other  muscles  are  (1)  a  pair,  the  superior  and  inferior 
recti,  which  roll  the  eye  up  or  down ;  (2)  a  pair,  the  anterior 
and  posterior  recti,  which  roll  the  eye  to  the  right  or  left, 
and  (3)  a  pair,  the  superior  and  inferior  oblique  muscles, 
which  give  the  eye  oblique  movements.  (W.  f.  112  A,  d,  g.) 

Lying  within  the  sclerotic  layer  is  the  thin  choroid  layer 
(W.  f.  112  A,  p).  It  contains  many  blood  vessels,  is  deepfy 
pigmented,  and,  anteriorly,  it  forms  the  colored  portion  of 

1  Woodruff,  pp.  198-202. 

2  The  two  muscles  just  described  are  not  present  in  the  human  eye. 
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the  eye,  or  iris,  in  the  center  of  which  is  a  circular  opening, 
the  pupil  (W.  f.  112  A,  i,  l).  The  iris  also  contains  muscular 
elements,  and,  in  its  functioning,  may  be  compared  to  the 
iris  diaphragm  in  a  camera.  When  there  is  not  much  light 
the  radiating  muscles  in  the  iris  contract  thus  enlarging  the 
pupillary  opening,  through  which  light  is  admitted  to  the 
interior  of  the  eye.  In  bright  light,  the  circular  muscles 
of  the  iris  contract  and  this  results  in  a  constriction  of  the 
pupillary  opening  so  that  only  a  small  amount  of  light  is  ad¬ 
mitted  to  the  deeper-lying,  sensitive  portions  of  the  eye. 

The  innermost  layer  of  the  eye  is  the  retina  (W.  f.  112  A,  6). 
This,  it  should  be  noted,  is  the  essential  part  of  the  eye  and 
contains  the  specialized  sense  cells  which  are  adapted  for 
receiving  the  photic  stimuli  and  passing  them  on  to  the  optic 
nerve.  The  retina  lines  the  greater  part  of  the  eyeball,  but 
does  not  extend  to  the  anterior  surface  as  do  the  other 
two  layers.  It  consists  of  (1)  a  thin  outer  layer  containing 
pigmented  cells,  which  lies  next  to  the  choroid  coat  of  the 
eye  and  (2)  a  thicker  sensitive  layer  containing  the  nerve 
tissue,  which  forms  the  inner  lining  of  most  of  the  eye  cavity. 
The  sensitive  layer  of  the  retina  is  an  extremely  complex 
structure,  and  a  microscopic  study  of  properly  prepared  mate¬ 
rial  shows  that  it  is  composed  of  no  less  than  nine  layers  of  tis¬ 
sue,  the  most  external  of  which  is  the  light-receiving  tissue, 
known  as  the  layer  of  rods  and  cones.  This  layer  con¬ 
sists  of  very  highly  specialized  cells  which  show  two  struc¬ 
tural  types,  the  rods  and  the  cones.  The  former  are  more 
numerous  and  appear  as  narrow,  elongated  bodies  with  dis¬ 
tinct  striations.  The  rods  show  a  differentiation  into  a 
larger  and  a  smaller  type.  The  cones  are  considerably  larger 
and  not  so  elongated  as  the  rods.  (W.  f.  112  B,  r.) 

The  optic  nerve  enters  the  retina  posteriorly.  It  passes 
through  the  retinal  layers  giving  off  fine  branches  which 
run  to  all  portions  of  the  retina  and,  finally,  innervate  the 
essential  rod  and  cone  cells.  The  part  of  the  retina,  where 
the  optic  nerve  enters,  lacks  these  light-receiving  elements, 
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and  is  designated  as  the  blind  spot  (W.  f.  112  A,  t).  Just  to 
one  side  of  the  blind  spot  is  the  region  of  the  retina  ( fovea 
centralis)  where  the  vision  is  most  acute  (W.  f.  112  A,  B,  x). 

Having  now  considered  the  three  separate  layers,  which 
form  the  wall  of  the  eyeball,  mention  should  next  be  made  of 
an  important  accessory  structure,  the  crystalline  lens, 
which  lies  anteriorly  (W.  f.  112  A,  m ).  The  lens  serves  to 
focus  the  light  rays  on  the  retina,  and  it  is  capable  of  being 
adjusted  for  either  near  or  far  objects.  It  is  enclosed  in  a 
membrane  to  which  the  ciliary  muscles,  located  near 
the  base  of  the  iris,  are  attached.  These  muscles  act  in  such 
a  way  as  to  alter  the  shape  of  the  lens  so  that  either  near  or 
far  objects  may  be  brought  to  a  focus  (W.  f.  112  A,  r).  The 
small  cavity  of  the  eyeball  lying  between  the  iris  and  the  lens 
is  known  as  the  posterior,  or  inner,  chamber  and  the 
larger  cavity  lying  between  the  iris  and  the  cornea  is  known 
as  the  anterior,  or  outer,  chamber.  Both  are  filled 
with  a  watery,  transparent  fluid,  known  as  the  aqueous 
humor  (W.  f.  112  A,  h,  i).  Back  of  the  lens  and  surrounding 
it  is  the  vitreous  chamber,  which  is  the  largest  chamber 
of  the  eye,  and  contains  a  heavy  transparent  fluid,  the  vit¬ 
reous  humor  (W.  f.  112  A,  s). 

Functions  of  the  Nervous  System 

The  nervous  system  of  an  animal  is  responsible  for  the 
coordination  of  the  various  parts  of  the  body  in  response  to 
stimuli  received  either  from  the  external  environment  or 
from  the  internal  organs. 

In  considering  the  functions  of  the  various  parts  of  the 
nervous  system  it  is  to  be  noted  that  the  brain  is  regarded 
as  the  main  directing  center  of  the  body.  In  it  the  endless 
coordinations  are  brought  about  which  are  necessary  in  re¬ 
ceiving  all  types  of  stimuli  and  translating  them  into  action. 
In  a  general  way,  it  can  be  stated  that  the  spinal  cord  is 
dominant  to  the  peripheral  regions  of  the  nervous  system ; 
that  the  brain  is  dominant  to  the  spinal  cord,  and  that  the 
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cerebral  hemispheres  at  the  anterior  end  of  the  brain  are  the 
chief  dominating  and  directing  agencies  of  the  nervous  system 
as  a  whole,  and,  therefore,  of  the  entire  body.  Furthermore, 
if  the  Frog  can  be  said  to  possess  the  power  of  purposive 
thinking,  or  intelligence,  it  is  located  in  the  cerebral  hemi¬ 
spheres. 

However,  experimental  work  involving  the  complete  re¬ 
moval  of  the  cerebral  hemispheres  of  the  Frog  has  shown 
that  such  an  animal  can  still  live  and  carry  on  most  of  the 
functions  in  a  normal  manner  except  that  a  certain  amount 
of  spontaneity  is  lacking.  Although  it  has  been  claimed  that 
the  chief  coordinating  centers  of  the  Frog’s  brain  lie  in  the 
optic  lobes,  it  can  be  shown  experimentally  that  the  brain 
of  the  Frog  as  far  back  as  the  medulla  may  be  completely 
extirpated,  and  the  animal  will  still  live  and  be  able  to 
carry  on  a  number  of  regular  coordinated  movements.  It  is 
clear,  therefore,  that  such  actions  do  not  necessarily  involve 
the  anterior  parts  of  the  brain.  Actions  of  this  type  which 
do  not  involve  the  higher  parts  of  the  brain  are  known  as 
reflex  actions.  The  hind-brain  and  the  anterior  end  of 
the  spinal  cord  are  particularly  adapted  for  the  higher  types 
of  reflex  action.  There  are  many  reflex  actions  of  a  lower 
grade,  which  are  apparently  located  even  farther  posteriorly 
in  the  spinal  cord. 

A  good  example  of  reflex  action  may  be  seen  in  certain  of 
our  own  reactions.  If,  for  example,  a  finger  touches  a  hot 
surface  it  is  immediately  jerked  away.  This  is  a  reflex  action 
and  as  such  does  not  involve  definite  thought  on  our  part. 
In  such  an  action  the  impulse  from  the  sensory  cells  in  the 
skin  goes  into  the  central  nervous  system  through  the  dorsal 
root  of  a  spinal  nerve.  In  the  spinal  cord,  the  impulse 
is  relayed  to  the  appropriate  motor  cells,  and,  leaving  the 
spinal  cord  through  a  ventral  root,  reaches  the  appropriate 
muscles  (W.  f.  107).  In  learning  to  walk,  each  step  involves 
thought,  but  after  a  time  the  actions  involved  become  largely 
reflex,  and  the  higher  brain  centers  are  thereby  freed  for 
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other  more  important  functions.  Thus  it  is  with  many  other 
similar  actions. 


7.  Muscular  System  1 

Following  the  study  of  the  nervous  system,  it  is  in  order 
to  consider  the  specialized  contractile  muscle  tissue,  which, 
working  under  the  control  of  the  nervous  system,  causes,  by 
its  contraction,  the  various  and  almost  continual  move¬ 
ments  that  occur  in  the  higher  animals.  Muscular  tissue  is 
one  of  the  most  highly  specialized  tissues  of  the  animal  body. 
It  may  be  classified  as  (1)  the  striated,  or  voluntary, 
muscle  tissue,  the  movements  of  which  are  under  voluntary 
control,  and  (2)  the  nonstriated,  or  involuntary,  muscle 
tissue  which  is  not  under  direct  control  of  the  will.  This 
latter  type  of  muscle  tissue,  examples  of  which  may  be  found 
in  the  various  vital  organs,  is  under  the  general  control  of 
the  autonomic  nervous  system.  Cardiac  muscle  tissue  in 
the  heart  is  sometimes  regarded  as  a  separate  type  of  muscle 
tissue. 

The  nonstriated  muscle  tissue  which,  as  has  been  noted, 
forms  the  muscular  layers  in  the  walls  of  a  number  of  the 
important  organs,  such  as  those  of  the  alimentary  canal 
(W.  f.  20),  blood  vessels,  and  urinary  bladder,  is  regarded  as 
a  simpler  type  than  the  striated.  A  microscopic  examina¬ 
tion  shows  that  it  consists  of  elongated,  spindle-shaped  cells, 
each  with  a  nucleus  which  is  also  elongated  in  the  same  di¬ 
rection  as  the  cell  (W.  f.  7,  F).  The  muscle  cells  are  fre¬ 
quently  branched  at  the  ends.  Also  there  is  a  considerable 
variation  in  their  length.  For  example,  in  the  walls  of  the 
blood-vessels  the  cells  are  short  and  correspondingly  thick, 
whereas  in  the  walls  of  the  bladder  they  are  long  and  thin. 
The  cytoplasm  shows  a  fine  longitudinal  striation,  which 
is  very  different  from  the  heavy,  transverse  striations  of 
the  voluntary  type  of  muscle  tissue.  The  spindle-shaped 
cells  lie  close  together  with  a  certain  amount  of  cement 
1  Woodruff,  pp.  138-139. 
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substance  and  connective  tissue  elements  intermingled. 
Thus  they  are  closely  held  together  and  work  as  a  unit. 
The  rate  of  contraction  in  unstriated  muscle  tissue  is  much 
slower  than  that  of  striated  muscle  tissue. 

The  striated  muscle  tissue  of  the  body  is  largely  centered 
in  the  muscles  of  the  body  wall  and  of  the  appendages.  It 
is  separated  into  definite  units,  the  muscles  proper.  For 
example,  in  the  hind  limb  of  the  Frog  there  are  some  eighteen 
separate  and  distinct  muscles  which  bring  about  the  various 
movements  of  the  leg.  All  these  muscles  are  attached  to 
the  bones  by  means  of  specialized  connective  tissue  elements, 
known  as  tendons.  In  general,  one  end  of  a  muscle,  known 
as  the  origin,  is  attached  to  an  immovable  bony  structure, 
while  the  opposite  end,  known  as  the  insertion,  is  attached 
to  a  movable  bony  structure.  The  gastrocnemius  muscle, 
which  is  a  large  muscle  in  the  calf  of  the  leg,  may  be  taken 
as  an  illustration  of  the  origin  and  insertion  of  a  muscle. 
It  has  a  double  origin  in  (1)  the  distal  end  of  the  large  thigh 
bone,  or  femur,  just  above  the  knee  joint,  and  (2)  in  a  ten¬ 
don  which  is  attached  to  a  tendon  from  the  triceps  muscles 
higher  up  the  leg.  These  points  of  origin  are  relatively  im¬ 
movable.  The  insertion  of  this  muscle  is  in  various  foot 
bones.  When  it  contracts  it  causes  an  extension  of  the  foot, 
and  also  a  movement  of  the  leg  at  the  knee  joint. 

A  muscle  that  produces  an  extension,  such  as  just  noted 
in  the  foot,  is  known  as  an  extensor;  one  that  causes  a 
flexion  of  the  joint  is  known  as  a  flexor.  The  gastrocne¬ 
mius  muscle  produces  both  these  movements.  There  are  a 
number  of  other  types  of  muscles  classified  according  to  the 
movement  which  they  produce.  Among  these  are  the  ad¬ 
ductor  muscles  which  draw  the  limb  in  a  posterior  direction 
toward  the  long  axis  of  the  body ;  the  abductor  muscles 
which  draw  the  limb  in  an  anterior  direction  toward  the  long 
axis  of  the  body ;  the  levator  muscles  which  raise  some  part 
of  the  body,  such  as  the  lower  jaw,  and  the  depressor  mus¬ 
cles  which  work  in  an  opposite  direction. 
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A  microscopic  examination  of  striated  muscle  tissue  shows 
that  it  is  always  enclosed  in  a  connective  tissue  sheath,  known 
as  the  perimysium,  or  fascia,  which  contains  blood  vessels 
and  nerves.  The  fascia  continues  beyond  the  end  of  the  mus¬ 
cles  as  a  tendon  which  is  attached  to  the  bone  tissue.  Strands 
from  the  perimysium  radiate  throughout  the  body  of  each 
muscle  and  separate  it  into  a  number  of  muscle  bundles, 
termed  fasciculi.  Each  fasciculus  contains  a  great  many 
individual  muscle  fibers  which  are  separated  from  each 
other,  in  turn,  by  a  further  continuation  of  the  perimysium, 
known  as  the  sarcolemma.  The  individual  muscle  fibers, 
each  surrounded  by  the  sarcolemma,  are  the  ultimate  units 
of  muscular  structure,  and  any  muscle  contains  an  enormous 
number  of  such  units  (W.  f.  7,  E ).  Distributed  through 
each  fiber  are  several  elongated  nuclei.  It  is  believed  that 
each  fiber  represents  a  greatly  modified,  single  cell  in  which 
the  original  nucleus  has  divided  many  times  without  a  divi¬ 
sion  of  the  cell  body.  The  cytoplasm,  or  sarcoplasm,  of  the 
striated  fibers  exhibits  both  a  transverse  and  a  longitudinal 
striation,  the  former  being  much  the  more  prominent.  The 
longitudinal  striations  are  due  to  the  presence  of  tiny,  fila¬ 
mentous  strands,  the  sarcostyles,  which  extend  longi¬ 
tudinally  through  each  cell.  These  are  supposed  to  be  the 
contractile  elements  in  the  fiber.  With  a  sufficiently  high 
magnification,  it  is  apparent  that  the  transverse  striation  is 
due  to  the  presence  of  alternate  light  and  dark  bands  which 
run  across  the  muscle.  The  muscle  fibers  are  thus  divided 
into  segments,  or  sarcomeres,  which  constitute  the  dark 
areas,  and  these  are  separated  by  light  bands.  When  a 
muscle  is  contracted,  the  bands  are  more  closely  approxi¬ 
mated  than  when  the  muscle  is  relaxed. 

The  cardiac  type  of  muscle  tissue,  which  forms  the  walls  of 
the  heart,  apparently  represents  a  type  of  muscle  tissue  which 
is  between  the  non-striated  and  the  striated.  The  cardiac 
tissue  cells,  while  retaining  their  identity  as  in  the  non- 
striated  tissue,  are  attached  to  each  other  by  strands  of  cyto- 
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plasm.  They  have,  however,  definite  transverse  striation, 
and  in  that  regard  resemble  the  striated  muscle  tissue. 

Contraction  of  Muscle  Tissue.  The  question  as  to  what 
causes  muscle  tissue  to  contract,  when  the  proper  stimulus 
is  received  from  the  nervous  system,  is  one  which  is  still 
unsolved  although  many  theories  have  been  proposed.  In 
considering  this  problem,  it  is  interesting  to  know  that 
muscle  tissue  can  contract  when  removed  from  the  body  of 
an  animal.  Contractility,  therefore,  is  not  dependent  upon 
any  connection  with  the  body.  As  an  example  of  this,  the 
study  of  a  ‘muscle-nerve  preparation’  is  of  value.  Such  a 
preparation  is  made  by  removing  a  muscle  from  an  anes¬ 
thetized  animal,  say  the  large  gastrocnemius  muscle  from 
the  hind  leg  of  a  Frog.  The  dissection  should  be  done  in 
such  a  way  as  to  leave  the  sciatic  nerve,  which  innervates 
this  muscle,  attached  to  the  leg.  The  dissected  muscle, 
with  the  attached  nerve,  can  be  kept  wet  with  a  normal  salt 
solution.  The  use  of  such  a  solution  prevents  the  tissues 
from  drying,  and  when  so  treated  they  can  be  kept  alive  for 
the  experimental  work  for  some  time.  The  muscle  can  now 
be  attached  to  an  immovable  body  at  one  end,  which  repre¬ 
sents  the  origin,  and  to  a  movable  body  at  the  other  end, 
which  represents  the  insertion.  The  nerve  may  now  be 
stimulated  in  various  ways,  such  as  by  contact,  electrical 
current,  or  chemical  solutions.  When  the  nerve  is  stimu¬ 
lated  at  the  end  away  from  the  muscle  a  nerve  impulse 
passes  through  it  and  into  the  muscle  in  apparently  the 
same  way  as  if  it  were  normally  situated  in  the  body,  and 
received  a  stimulus  from  the  spinal  cord.  The  result  is  also 
the  same,  and  the  muscle  immediately  contracts,  thereby 
causing  a  movement  at  its  insertion. 

The  above  experiment  demonstrates  that  living  muscle 
tissue  will  contract  outside  the  body,  and  also  that  the  nerve 
can  be  artificially  stimulated  to  bring  about  the  muscular  con¬ 
traction.  The  question  as  to  what  actually  takes  place  under 
such  circumstances  in  both  the  muscle  and  nerve  tissue  is, 


226 


MANUAL  OF  BIOLOGICAL  FORMS 


for  the  most  part,  unknown  although  it  has  been  the  sub¬ 
ject  of  a  great  deal  of  experimental  work. 

8.  Connective  and  Supporting  Tissues 1 

The  connective  tissues  of  the  body  include  a  variety  of 
different  types,  all  having  as  their  chief  functions  the  sup¬ 
port  and  protection  of  the  various  organs.  They  are  divided 
into  two  types,  the  exosiceletal  and  the  endoskeletal. 

The  exoskeletal  structures  are  external,  and  they  de¬ 
velop  from  both  inner  and  outer  layers  of  the  skin.  In  some 
Vertebrate  animals,  as  for  example,  the  Turtle,  the  exoskele¬ 
ton  forms  a  protective  covering  over  practically  the  entire 
body.  In  other  groups  of  Vertebrates,  the  exoskeletal  struc¬ 
tures,  while  not  forming  a  covering  over  the  entire  body, 
are  present  in  the  form  of  nails,  hair,  feathers,  etc.  In  the 
Frog,  all  such  exoskeletal  structures  are  lacking. 

The  endoskeletal  structures  are  internal  and  include  a 
number  of  types  of  connective  tissue  proper  and  also  bone 
which  is  to  be  regarded  as  the  highest  development  of  the 
endoskeleton.  In  general,  all  of  the  connective  tissues  contain 
a  relatively  large  amount  of  ground  substance,  or  matrix, 
which  is  intercellular  in  position,  that  is  to  say,  this  material 
lies  outside  the  cell  walls,  between  the  cells.  In  some  of  the 
connective  tissues  the  ground  substance  constitutes  the  larger 
part  of  the  tissue.  It  develops  very  early  in  the  Frog  em¬ 
bryo  as  a  homogeneous  substance  which  later  becomes  modi¬ 
fied  in  various  ways  to  form  the  main  body  of  the  different 
types  of  connective  and  bone  tissue.  For  example,  it  may  re¬ 
main  largely  unchanged,  as  in  some  of  the  lower  types  of  con¬ 
nective  tissue ;  it  may  become  a  dense  fibrillar  material,  as 
in  a  tendon  ;  or  it  may  become  largely  infiltrated  with  certain 
inorganic  salts,  chiefly  calcium  carbonate,  and  form  the  basis 
of  the  hard  bone  tissue. 

White  Fibrous  Tissue.  There  are  several  different 

1  Woodruff,  pp.  140-142. 
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kinds  of  connective  tissues  proper.  One  type,  which  has 
a  very  wide  distribution,  is  known  as  the  white  fibrous 
tissue.  This  may  be  obtained  from  almost  any  region  of 
the  body;  for  example,  under  the  skin,  or  surrounding  the  mus¬ 
cles  and  nerves,  or  forming  the  supporting  framework  in  vari¬ 
ous  organs  or,  as  tendons,  attaching  the  muscles  to  the  bones. 
When  examined  microscopically,  the  white  fibrous  tissue 
will  be  found  to  consist  of  a  considerable  proportion  of  ground 
substance  in  which  are  embedded  bundles  of  white  fibers 
having  a  characteristic  wavy  appearance.  The  ground  sub¬ 
stance  also  contains  a  number  of  elastic  fibers,  mentioned 
below.  Scattered  among  the  fibers* and  embedded  in  the 
ground  substance  are  numerous  connective  tissue  cells, 
known  as  fibroblasts.  These  are  elongated,  spindle-shaped 
cells  which  have  a  tendency  to  stretch  out  along  the  fibers. 

Elastic  Tissue.  Another  type  of  connective  tissue,  which 
is  found  to  some  extent  intermingled  with  the  white  fibrous 
type,  is  known  as  elastic  tissue,  and  it  consists  of  heavier, 
straight  fibers  which  frequently  branch.  The  elastic  fibers 
are  found  in  abundance  in  the  walls  of  the  blood  vessels, 
and  they  also  form  certain  ligaments.  The  construction  of 
elastic  tissue  is  such  that  a  considerable  degree  of  elasticity 
is  present.  Thus  when  tension  is  applied  it  will  stretch  and 
then  return  to  a  normal  condition  after  the  tension  is  re¬ 
leased.  This  condition  is  very  different  from  that  present  in 
the  tendons  of  the  body,  which  consist  almost  entirely  of 
white  fibers.  A  tendon  lacks  elasticity  and  will  break  under 
tension  rather  than  stretch.  Generally  the  white  fibers 
and  the  elastic  tissue  are  found  to  be  more  or  less  inter¬ 
mingled  in  the  various  connective  tissues.  For  example, 
the  ligaments  contain  a  great  deal  of  the  elastic  tissue  and 
very  few  of  the  white  fibers,  while  the  reverse  is  true  of  the 
tendons. 

Fatty,  or  Adipose,  Tissue.  This  type  of  tissue  is  found 
more  or  less  scattered  throughout  the  body,  and  is  generally 
regarded  as  a  type  of  connective  tissue  in  which  the  cells 
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have  become  somewhat  enlarged  and  atypical  in  shape  as 
a  result  of  fat  storage. 

Cartilage  is  a  highly  developed  type  of  connective  tissue, 
which  is  particularly  abundant  in  the  embryo.  Most  of  the 
bones  in  the  body  are  first  formed  as  cartilage,  and  then  this 
is  later  changed  into  true  bone.  Some  of  the  cartilaginous 
material,  however,  remains  unchanged  throughout  life. 
Cartilage  is  marked  by  the  presence  of  an  exceptionally 
large  amount  of  transparent,  intercellular  ground  substance 
which  possesses  great  strength  (W.  f.  7,  D ).  The  cartilage 
cells  are  embedded  in  this  matrix  in  numerous  cavities, 
known  as  lacunae.  The  latter  may  contain  one,  two, 
or  even  more,  cells.  There  are  various  kinds  of  cartilage, 
depending  upon  the  character  of  the  ground  substance. 
Hyaline  cartilage  has  a  homogeneous  matrix,  but,  in  the 
mixed  and  fibrous  types  of  cartilage,  this  ground  substance 
is  fibrillated  due  to  the  presence  of  either  white  or  elastic 
fibers,  or  both.  Hyaline  cartilage  is  the  more  common  type, 
and  it  is  found  in  the  joints,  in  the  sternum,  and  in  a 
number  of  other  places  in  the  body. 

Bone.  The  greater  portion  of  the  bone  tissue  of  the  body, 
as  has  been  noted,  is  first  formed  as  a  cartilage.  Such  bones 
are,  therefore,  known  as  cartilage  bones  in  distinction  to  a 
less  frequent  type,  known  as  membrane  bones,  in  which  the 
cartilage  stage  is  lacking,  and  the  bone  tissue  develops  by 
an  ossification  of  certain  membranes.  The  general  structure 
of  mature  bone  shows  a  resemblance  to  cartilage  in  that  the 
bone  cells,  or  osteoblasts,  are  embedded  in  cavities  in  the 
matrix  in  somewhat  the  same  way  as  in  cartilage.  The 
microscopic  structure  of  bone  can  be  seen  to  good  advantage 
in  a  properly  prepared  transverse  section  through  one  of 
the  leg  bones,  for  example,  the  femur.  Such  a  section  shows 
that  the  bone  is  not  solid  all  the  way  through,  but  consists 
of  an  outer  cylinder  of  bone  tissue  enclosing  an  internal  cavity 
which  runs  the  length  of  the  bone.  In  life,  the  cavity  is 
filled  with  a  soft,  highly  vascularized  tissue,  the  bone  marrow. 
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The  bone  tissue  is  covered  on  the  outside  by  a  connective 
tissue  sheath,  the  periosteum,  and  is  "arranged  in  concen¬ 
tric  layers,  or  lamellae,  which  CQntain  numerous  lacunae 
in  which  lie  the  bone  cells.  From  the  lacunae  fine,  branch¬ 
ing  tubes,  or  canaliculi,  containing  processes  from  the  bone 
cells,  are  given  off  which  extend  in  all  directions  and  anas¬ 
tomose  with  the  canaliculi  of  neighboring  spaces.”  (Holmes.) 
Next  to  the  periosteum,  the  osteoblasts  continue  to  add  new 
bone  during  development  so  that  the  bone  increases  in  diam¬ 
eter  by  the  addition  of  outside  layers.  The  bone  tissue 
may  also  increase  to  a  certain  extent  by  the  addition  of  bony 
tissue  in  the  marrow  cavity. 

9.  Skeleton 1 

The  skeleton  of  a  Vertebrate  animal  may  be  divided  into 
the  axial  skeleton  consisting  of  the  skull  and  vertebral 
column,  and  the  appendicular  skeleton  consisting  of  the 
limbs  and  the  limb  girdles. 

a.  Axial  Skeleton  :  I.  The  Skull.  The  skull  consists  of 
two  portions :  the  cranium,  which  is  the  brain  case,  and  the 
facial  portion.  (W.  f.  81  A.)  Making  up  the  skull  is  a 
considerable  number  of  bones  and  of  permanently  carti¬ 
laginous  elements.  The  cranium  in  the  Frog  is  small,  narrow, 
and  elongated  in  the  direction  of  the  long  axis  of  the  body.  It 
encloses  and  protects  the  brain,  together  with  the  auditory 
and  olfactory  sense  organs.  At  the  posterior  end  of  the 
cranium  there  is  a  large  opening,  the  foramen  magnum, 
through  which  the  spinal  cord  leaves  the  cranium  and  passes 
into  the  vertebral  column.  Surrounding  the  foramen 
magnum  are  the  exoccipital  bones,  each  of  which  bears  a 
rounded  prominence,  or  occipital  condyle,  which  artic¬ 
ulates  with  the  first  vertebra  and  thus  forms  the  connection 
between  the  skull  and  the  vertebral  column  (W.  f.  81  A, 
ex.  oc ).  Just  anterior  and  lateral  to  each  exoccipital  bone, 
is  a  PROOTtc  bone  (W.  f.  81  A,  pr.  ot).  Lying  in  the  anterior 
1  Woodruff,  pp.  142-147. 
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portion  of  the  cranium  and  also  forming  the.  posterior  wall 
of  the  nasal  cavity  is  an  unpaired  bone,  known  as  the  sphen- 
ethmoid  (W.  f.  81  A,  sp.  eth).  These  five  bones,  that  is,  a 
pair  of  occipitals,  a  pair  of  prootics,  and  the  unpaired  sphen- 
ethmoid  constitute  the  cartilaginous  bones  of  the  Frog’s 
cranium. 

There  are  also  a  number  of  membrane  bones  which  form 
the  dorsal  covering  of  the  cranium.  There  is  a  pair  of  long, 
narrow  bones,  the  fronto-parietals,  which  result  from  a 
fusion  of  two  pairs  of  bones,  as  found  in  the  higher  Verte¬ 
brates,  namely  the  frontals  and  parietals.  The  fronto¬ 
parietal  bones  connect  posteriorly  with  the  prootics  and 
the  exoccipitals,  anteriorly  with  the  sphenethmoid,  and  form 
the  main  portion  of  the  dorsal  wall  of  the  cranium  (W.  f.  81  A, 
fr.  pa).  A  pair  of  small  irregular  bones,  the  nasals,  form  the 
dorsal  wall  of  the  olfactory  capsules.  On  the  ventral  surface 
of  the  olfactory  capsules  is  a  pair  of  small  bones,  the  vomers 
(W.  f.  81  A,  vo ),  which  bear  the  vomerine  teeth.  The  ventral 
wall  of  the  cranium  is  chiefly  formed  from  a  large,  unpaired, 
T-shaped  bone,  the  parasphenoid,  the  long  stem  of  which 
extends  anteriorly,  and  the  transverse  portion  posteriorly 
and  laterally,  running  under  each  of  the  auditory  capsules. 

The  facial  portion  of  the  skull  consists  of  the  upper 
and  the  lower  jaws  and  the  hyoid  cartilage  which,  with  its 
bony  processes,  forms  a  plate-like  structure  in  the  ventral 
wall  of  the  mouth  cavity  where  it  supports  the  tongue. 
The  hyoid  in  the  Frog  is  not  so  complete  as  in  the  Fishes 
where  it  forms  the  elaborate  gill-bearing,  or  visceral,  skeleton 
(W.  f.  81  A,  ac.  hy,  b.  hy ). 

The  bones  of  the  upper  jaw  are  immovably  fastened  to  the 
cranium.  They  consist  of  a  pair  of  premaxillary  bones 
which  form  the  extreme  anterior  portion  of  the  upper  jaw, 
a  pair  of  maxillae  which  are  posterior  to  the  premaxillaries 
and  form  the  sides  of  the  upper  jaw,  and  a  pair  of  quadrato- 
jugals  which  form  the  posterior  portion  of  the  upper  jaw. 
(W.  f.  81  A,  pmx,  mx,  qu.  ju .) 
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Each  side  of  the  lower  jaw  has  as  its  basis  a  cartilaginous 
rod,  known  as  meckel’s  cartilage.  Anteriorly  each  rod  is 
largely  covered  by  a  dentary  bone,  and  posteriorly  by  an 
an gulo-spleni al  bone.  The  jaws  are  attached  to  the 
cranium  by  a  rather  complicated  suspensory  apparatus 
consisting  of  three  bones  on  each  side,  namely  the  squamosal, 
pterygoid,  and  palatine  (W.  f.  81  A,  sq). 

The  mammalian  skull  is  considerably  modified  from  that 
just  noted  in  the  Frog  (W.  f.  81  B,  1-9,  36-39).  In  the 
first  place  the  increase  in  the  size  of  the  brain  has  brought 
about  an  increase  in  size  of  the  cranium  as  compared  with  the 
facial  region.  This  condition  is  seen  in  the  most  marked 
degree  in  the  skull  of  Man  (W.  /.  87,  1 ;  f.  186 ;  note 
the  relative  size  of  the  cranium  in  Man  and  Gorilla) .  There 
is  also  a  great  tendency  toward  a  complete  fusion  of  certain 
bones  so  that  the  adult  skull  comprises  a  smaller  number  of 
separate  bones  than  that  of  the  embryo.  Thus  in  early  adult 
life,  there  are  22  separate  bones  in  the  human  skull.  This 
number  is  considerably  less  than  it  is  in  earlier  years,  and  it  is 
even  more  reduced  in  old  age. 

Teeth.  The  teeth  of  all  Vertebrates  are  regarded  as  homolo¬ 
gous  structures  which,  in  their  evolutionary  history,  have 
developed  from  the  placoid  scales  of  certain  Fishes.  They 
are  composed  of  a  thin,  outer  covering  of  enamel  which 
forms  from  the  epithelium  lining  the  mouth,  and  dentine 
which  develops  from  the  underlying  mesodermal  tissue. 
The  latter  constitutes  the  bulk  of  a  tooth.  Teeth  in  the 
various  Vertebrate  groups  are  subject  to  very  great  variation 
in  number,  shape,  and  function.  In  certain  of  the  higher 
Vertebrates,  including  Man,  the  teeth  are  placed  in  deep 
pits,  or  alveoli,  in  the  jawbones.  The  portion  of  the  tooth 
within  an  alveolus  is  known  as  the  root,  while  the  exposed 
enamel-covered  portion  is  known  as  the  crown.  We 
recognize  four  types  of  teeth  in  the  higher  forms,  which, 
beginning  anteriorly,  are  known  as  the  incisors,  canines, 
premolars,  and  molars  (W.  f.  81  B,  4.O-43). 
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In  Man  and  most  of  the  Mammals,  two  sets  of  teeth  are 
formed.  The  first  set  in  Man,  the  milk  teeth,  are  re¬ 
placed  in  the  early  years  of  childhood  by  the  permanent 
teeth  which  develop  in  the  jaws  back  of  the  first  set.  The 
number  of  milk  teeth  varies  somewhat,  with  a  normal  of 
20,  while  in  the  permanent  set  there  are  32  teeth,  divided  so 
that  each  half  of  each  jaw  contains  2  incisors,  1  canine,  2 
premolars,  and  3  molars.  In  order  to  state  concisely  the 
number  of  teeth  in  an  animal  a  dental  formula  is  made 
use  of  in  which  the  letters  i,  c,  p,  and  m  indicate  the  kinds 
of  teeth,  and  the  numbers  in  half  of  the  upper  and  lower  jaw 
are  shown  by  figures  above  and  below  a  line.  Thus  the 
dental  formula  of  Man  is  indicated  as  i  \ ,  c  y,  p  -§,  m  f  =  32. 

b.  Axial  Skeleton:  II.  Vertebral  Column.  The 
vertebral  column  of  the  Frog  is  very  short  (W.  f.  81  A,  v.  1, 
v.  9 ).  It  consists  of  nine  typical  vertebrae,  together  with  a 
narrow,  rod-like,  unsegmented,  posterior  extension,  known  as 
the  urostyle  (W.  f.  81  A,  ust ).  Each  vertebra  consists  of 
a  solid  oval  portion,  the  centrum,  a  portion  of  which  occupies 
the  original  position  of  the  notochord,  ventral  to  the  spinal 
cord  (W.  f.  79,  c).  Dorsally  and  laterally  on  each  centrum 
a  bony  structure,  known  as  the  neural  arch,  is  developed 
around  the  spinal  cord  (W.  f.  79,  ped).  The  space  between 
the  neural  arch  and  the  centrum  in  each  vertebra  constitutes 
the  neural  canal  in  which  the  spinal  cord  lies  (W.  f.  79,  vf; 
f.  87,  27).  Each  neural  arch  has  a  dorsal  projection,  the 
neural  spine  (W.  f.  79,  ns ;  f.  81  B,  12;  f.  87,  29),  and, 
except  in  the  first  vertebra,  a  lateral  projection  on  each 
side,  the  transverse  process,  to  which  the  muscles  are 
attached  (W.  f.  79,  tr). 

The  vertebrae,  composing  the  vertebral  column,  articulate 
with  each  other  by  means  of  articulating  processes,  or 
zygopophyses,  which  are  developed  both  anteriorly  and 
posteriorly  on  the  neural  arches  (W.  f.  79,  prez).  The 
anterior  pair  of  processes  of  each  vertebra,  except  the  first, 
thus  articulates  with  the  posterior  pair  of  the  vertebra  in 
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front.  Thus  the  vertebral  column  is  made  up  of  a  series  of 
definite  articulating  units,  the  vertebrae,  each  of  which,  by 
means  of  the  neural  arch,  contributes  a  portion  of  the  common 
neural  canal  containing  the  spinal  cord.  The  vertebral 
column,  while  giving  a  firm  axial  support,  also  permits  a 
considerable  amount  of  bending.  The  first  vertebra  possesses 
two  modified  articulating  processes,  consisting  of  two  con¬ 
cavities,  into  which  the  convex  prominences  of  the  occipital 
condyles  at  the  posterior  end  of  the  skull  fit. 

The  structure  of  the  vertebral  column  in  the  various  Ver¬ 
tebrates  is  essentially  the  same,  but  the  number  of  vertebrae 
present  is  subject  to  considerable  variation  (W.  fs.  77,  81-87). 
In  the  Mammals,  including  Man,  five  regions  are  typically 
present,  which,  beginning  at  the  anterior  end,  are  known  as 
the  cervical  (neck  region)  (W.  f.  81  B,  10,  11),  thoracic 
(chest  region)  (W.  f.  81  B,  12,  13),  lumbar  (abdominal 
region)  (W.  f.  81  B,  15, 16),  sacral  (pelvic  region)  (W.  f.  81 
B,  17),  and  caudal  (tail  region).  In  the  adult  condition  of 
Man  there  are  26  vertebrae  in  the  vertebral  column  divided 
as  follows  :  7  cervical,  12  thoracic  with  a  pair  of  ribs  attached 
to  each,  5  lumbar,  1  sacral,  and  1  caudal  (W.  f.  186).  In 
early  life  there  are  33  vertebrae  present.  The  reduction  is 
due  to  a  fusion  of  5  sacral  bones  to  form  the  one  sacral  of  the 
adult,  and  a  fusion  of  the  4  caudal  bones  to  form  one  which  is 
known  as  the  coccyx  (W.  f.  87,  26).  In  all  the  Mammals, 
except  Man  and  the  Anthropoid  Apes,  the  number  of  caudal 
vertebrae  is  quite  large,  thus  in  the  Cat  there  are  22  caudal 
vertebrae  (W.  f.  81  B,  17). 

c.  Appendicular  Skeleton.  The  appendicular  skeleton 
consists  of  the  fore  and  hind  limbs,  both  of  which  are  of  the 
five-fingered,  or  pentadactyl,  type;  and  the  girdles  by 
which  they  are  attached  to  the  axial  skeleton.  The  fore 
limbs  are  attached  and  supported  by  the  pectoral  girdle 
and  the  sternum.  The  latter  is  the  common  ventral  uniting 
structure  for  the  two  halves  of  the  girdle,  and  also  serves  as 
a  protection  for  various  internal  organs  which  lie  in  that 
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part  of  the  body.  Each  half  of  the  pectoral  girdle  is  made 
up  of  a  number  of  bones  and  cartilaginous  elements;  the 
principal  ones  being  the  scapula,  clavicle,  and  coracoid. 
The  scapula  and  coracoid  on  each  side  form  a  cavity,  the 
glenoid  fossa,  into  which  the  proximal  end  of  the  humerus 
(noted  below)  of  the  fore  limb  fits  (W.  fs.  80,  A;  81  A). 

The  pelvic  girdle,  which  forms  the  support  and  attach¬ 
ment  of  the  hind  limbs,  consists  of  right  and  left  halves,  each 
formed  from  three  bones,  the  ilium,  ischium,  and  pubis; 
the  ilium  being  the  largest.  The  latter  in  the  Frog,  connects 
anteriorly  with  the  transverse  process  of  the  ninth  vertebra, 
continues  posteriorly  nearly  parallel  with  the  median  urostyle 
at  the  posterior  end  of  the  vertebral  column,  and,  finally, 
connects  with  the  ischium  and  the  pubis.  The  ischium  and 
pubis,  together  with  the  posterior  end  of  the  ilium,  form  a 
common  cavity,  the  acetabulum,  on  each  side  of  the  body 
into  which  the  proximal  end  of  the  femur  (noted  below)  of  the 
hind  limb  fits  (W.  fs.  80,  B ;  81  A). 

Each  fore  limb  consists,  first,  of  a  large  bone,  the  humerus, 
which,  as  has  been  noted  above,  articulates  at  its  proximal 
end  with  the  glenoid  fossa  of  the  pectoral  girdle  (W.  f.  81  A, 
hu).  The  distal  end  of  the  humerus  articulates  with  the 
radio-ulna  (W.  f.  81  A,  ra.  ul) .  This  is  a  single  fused  bone 
in  the  Frog,  but  in  many  of  the  Vertebrates  it  consists  of  two 
separate  bones,  the  radius  and  ulna  (W.  f.  81  B,  31,  32). 
In  the  Frog  there  are  six  wrist,  or  carpal,  bones,  three  of 
which  articulate  with  the  radio-ulna,  and  three  which  artic¬ 
ulate  with  the  bones  of  the  hand.  Each  of  the  five  digits  of 
the  hand  begins  proximally  with  a  metacarpal  bone.  In 
digit  I,  there  is  no  other  bone.  In  digits  II  and  III,  the 
metacarpals  are  followed  by  two  phalanges,  and  in  digits 
IV  and  V,  the  metacarpals  are  each  followed  by  three  phal¬ 
anges,  making  a  total,  therefore,  in  the  hand  of  the  Frog  of 
five  metacarpal  bones  and  ten  phalanges.  (W.  fs.  80,  A ; 
81  A.) 

The  hind  limb  of  the  Frog  and  of  Vertebrates  in  general 
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has  practically  the  same  structure  as  the  fore  limb.  The 
names  of  the  bones,  however,  are  different.  In  the  hind 
limb  there  is,  first,  a  large  femur  which  corresponds  to  the 
humerus  in  the  fore  limb  (W.  f.  81  A,  fe ).  It  articulates 
proximally,  as  noted  above,  with  the  acetabulum  of  the  pelvic 
girdle  (W.  f.  81  A,  act.b).  The  distal  end  of  the  femur 
articulates  with  the  tibio-fibula  (W.  f.  81  A,  ti,  fi).  This 
is  a  single  fused  bone  in  the  Frog,  but  in  manjr  of  the  Verte¬ 
brates  it  consists  of  two  separate  bones,  the  tibia  and  fibula 
(W.  f.  81  B,  23,  24)-  It  is  homologous  with  the  radio-ulna 
of  the  fore  limb.  The  ankle  bones  of  the  Frog  are  quite 
atypical.  Each  of  the  five  digits  of  the  foot  begins  proximally 
with  a  metatarsal  bone.  In  digits  I  and  II,  there  are  two 
phalanges  each ;  in  digits  III  and  V,  there  are  three  pha¬ 
langes  each ;  in  digit  IV,  there  are  four  phalanges,  thus  mak¬ 
ing  in  all  a  total  of  fourteen  phalanges  in  the  foot  as  com¬ 
pared  with  ten  in  the  hand.  Lying  outside  of  digit  I  in  the 
foot  of  the  Frog  is  an  accessory  digit,  the  calcar,  which  is  a 
spur-like  structure  formed  from  two  small  bones.  (W.  fs. 
80,  B  ;  81  A.) 

d.  The  Vertebrate  Limb.1  The  pentadactyl  limbs  of  the 
Frog,  the  structure  of  which  has  just  been  considered,  are 
essentially  the  same  as,  and  are  homologous  with,  those 
found  in  all  the  higher  Vertebrates,  including  Man.  The 
greatest  amount  of  variation  between  various  limbs  takes 
place  in  the  wrist  and  hand  bones  of  the  fore  limb,  and  the 
ankle  and  foot  bones  of  the  hind  limb ;  the  larger  bones 
situated  nearer  the  body  being  somewhat  more  constant 
throughout  the  Vertebrate  series  (W.  fs.  81  B,  18-35;  185). 
Thus  in  the  fore  limb,  or  wing,  of  a  Bird  the  humerus,  radius, 
and  ulna  are  all  typical,  but  in  the  wrist  and  hand  there  has 
been  a  great  reduction  in  the  bones  typically  found  there 
(W.  f.  185,  A).  In  the  hoofed  Mammals  the  structure  of  the 
limbs  has  departed  more  widely  from  the  pentadactyl  type 
than  in  any  other  Vertebrate  (W.  f.  185,  D,  E).  Thus  in  the 

1  Woodruff,  pp.  351-364. 
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fore  limb  of  the  Horse  the  humerus  is  about  the  only  bone 
that  still  retains  the  typical  structure  (W.  fs.  185,  E;  189). 
Only  a  small  portion  of  the  ulna  is  present,  and  it  is  fused 
with  the  radius.  Digits  I  and  V  have  entirely  disappeared. 
Digits  II  and  IV  are  present  as  rudimentary  structures, 
known  as  splint  bones.  Digit  III  remains  as  the  sole  func¬ 
tional  digit,  so  that  the  Horse  walks  on  the  tip  of  the  third 
digit.  In  Man,  the  limbs  have  remained  true  to  the  pen- 
tadactyl  type,  except  that  there  has  been  a  fusion  of  certain 
bones  in  the  wrist  and  ankle  (W.  f.  185,  F ). 

10.  Reproductive  System  1 

The  sexes  in  Frogs  are  separate,  but  there  is  no  great  dif¬ 
ferentiation  in  the  external  structural  characters  between  the 
male  and  female.  The  fore  limbs  of  the  male  are  somewhat 
heavier,  and  also  the  first  digit  of  each  hand  is  larger. 
During  the  breeding  season  in  the  spring  this  finger  be¬ 
comes  swollen,  and  this  makes  it  easier  to  differentiate  be¬ 
tween  the  two  sexes  at  that  time. 

Male  Reproductive  Organs.  The  male  organs  of  re¬ 
production  consist  of  a  pair  of  testes  in  which  the  sperm  are 
developed,  and  numerous  fine  ducts,  known  as  the  vasa 
efferentia,  which  convey  the  mature  sperm  cells  from  the 
testes  to  the  urogenital  canals  (W.  f.  83,  49).  Attached  to 
each  testis  is  a  yellow  fat  body  (W.  f.  83, .34).  The  latter 
are  not  directly  concerned  in  reproduction,  but  serve  as 
storehouses  for  excess  nutriment  received  during  the  summer 
season.  Each  testis  is  a  light-colored,  elongated,  capsule¬ 
shaped  body  which  lies  on  the  ventral  side  and  near  the 
anterior  end  of  each  kidney,  to  which  it  is  attached  by  the 
vasa  efferentia.  The  latter  extend  directly  through  the 
tissue  of  each  kidney  and  connect  with  the  urogenital 
canal,  which  leads  from  the  lateral  edge  of  each  kidney  to 
the  cloaca  (W.  f.  83,  81).  The  sperm  cells  leaving  the  testes 

1  Woodruff,  pp.  203-208 ;  223-243. 
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pass  through  the  vasa  efferentia  into  the  urogenital  canals, 
which  serve  as  common  ducts  for  the  wastes  from  the  kidneys 
and  the  sperm  from  the  testes. 

A  microscopic  examination  of  the  testis  shows  that  it 
consists  of  a  mass  of  greatly  twisted  tubules  together  with 
blood  vessels,  nerves,  and  connective  tissue  elements.  The 
tubules  open  near  the  center  of  the  testis  into  the  vasa  ef¬ 
ferentia.  The  other  end  of  each  tubule  is  closed  and  lies 
near  the  outer  wall  of  the  testis.  The  sperm  develop  from 
the  primordial  germ  cells  situated  in  the  wall  of  the  tubules 
(W.  f.  125).  The  sperm  cells  are  typical  in  structure  at  first, 
but  after  passing  through  the  various  stages  (spermatagonia, 
spermatocytes,  and  spermatids)  they  become  greatly 
modified  bodies  each  of  which  is  made  up  of  (1)  a 
pointed  head,  containing  nuclear  material;  (2)  a  middle 
piece,  containing  cytoplasm,  chromatin  material,  and 
centrosome,  and  (3)  a  long  tail,  which  has  an  active, 
vibratory  movement,  and  thus  enables  the  sperm  to  move 
through  a  suitable  liquid  with  considerable  rapidity  (W.  f. 
129,  B ). 

Female  Reproductive  Organs.  The  female  organs  of 
reproduction  consist  of  a  pair  of  ovaries  in  which  the  eggs 
are  developed,  and  a  pair  of  oviducts  which  carry  the  eggs 
to  the  cloaca.  There  is  also  a  pair  of  fat  bodies  one  of  which 
is  attached  to  each  ovary.  Each  ovary  is  really  a  thin- 
walled  sac  with  an  outer  covering  which  is  a  continua¬ 
tion  of  the  peritoneum  lining  the  entire  body  cavity.  This 
outer  covering  is  lined  by  a  layer  of  germinal  epithelium 
in  which  the  eggs  arise.  The  eggs  are  more  or  less  grouped 
in  bunches  and  the  ovary  as  a  whole  has  a  number  of  well- 
defined  lobes.  The  organ  is  very  plentifully  supplied  with 
blood  vessels. 

Each  egg  cell  is  enclosed  by  a  thin  cell  wall  (vitelline 
membrane)  which  is  surrounded  by  several  layers  of  special¬ 
ized  cells  (membrana  granulosa).  Each  ovarian  egg  with 
the  surrounding  layers  constitutes  a  Graafian  follicle. 


238 


MANUAL  OF  BIOLOGICAL  FORMS 


The  eggs  develop  from  cells  which  appear  typical.  They 
pass  through  various  stages  of  development  and  gradually 
increase  in  size  until  they  are  several  times  the  size  of  a  so¬ 
matic,  or  body  cell.  This  increase  results  from  the  storage 
of  a  considerable  amount  of  food  material,  and  is  a  very  com¬ 
mon  phenomenon  in  the  eggs  of  most  animals  (W.  f.  125). 
Except  for  its  size,  the  mature  egg  shows  a  normal  cell 
structure,  and  is,  therefore,  very  different  from  the  highly 
modified  sperm  cells.  (W.  fs.  7,  A,  B  ;  127  ;  129.) 

The  eggs  of  the  Frog  reach  their  full  development  at  only 
one  period  in  each  year.  This  is  in  the  early  spring,  at 
which  time  the  two  ovaries,  distended  with  masses  of  eggs, 
fill  up  a  large  portion  of  the  abdominal  cavit}'.  When  the 
proper  time  arrives  the  eggs  break  through  the  thin  ovarian 
wall  and  are  drawn  into  the  openings  of  the  oviducts.  There  is 
no  direct  connection  between  the  ovaries  and  the  oviducts 
as  in  the  case  of  the  testes  and  the  vasa  efferentia. 

Each  of  the  coiled,  tubular  oviducts  ends  anteriorly  in  a 
ciliated,  funnel-shaped  opening.  These  openings  lie  in  the 
anterior  end  of  the  coelom,  one  on  either  side  and  a  consider¬ 
able  distance  anterior  to  the  ovaries.  The  action  of  the  cilia 
in  these  openings  is  of  such  a  character  as  to  cause  a  current 
to  flow  into  them,  and  thus  the  eggs  are  drawn  into 
the  oviducts.  At  the  posterior  end  of  each  oviduct  before 
it  opens  into  the  cloaca  there  is  an  enlarged  portion.  This 
is  known  as  the  uterus,  and  the  eggs,  after  passing  down  the 
oviduct,  collect  in  this  region  and  remain  there  for  a  time 
before  being  discharged  from  the  bod}'.  During  their  passage 
through  the  oviducts  the  eggs  are  coated  with  several  layers 
of  jelly  which  are  secreted  by  glands  in  the  walls  of  the 
oviducts. 

The  Frog’s  egg,  when  observed  with  the  naked  eye,  appears 
as  a  tiny  sphere  composed  of  a  dark -colored  portion,  termed 
the  animal  pole,  and  a  light-colored  portion,  termed  the 
vegetal  pole.  Each  egg  is  enclosed  in  a  transparent, 
vitelline  membrane  around  which  are  the  layers  of  jelly. 
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A  microscopic  study  of  prepared  sections  shows  that  the 
protoplasm  of  the  egg  is  largely  concentrated  in  the  animal 
pole.  This  fact  is  emphasized  by  the  position  of  the  nucleus 
which  lies  approximately  in  the  center  of  the  animal  pole. 
The  vegetal  pole  contains  a  large  proportion  of  non-living 
food  material  for  use  of  the  embryo  during  the  early  stages  of 
development  before  it  is  able  to  take  in  food.  (W.  f.  134.) 


XXII.  VERTEBRATE  DEVELOPMENT1 


A.  Development  of  the  Frog 

The  sperm  and  the  eggs  of  the  Frog  are  both  discharged 
directly  into  the  water.  The  former  by  their  active  swim¬ 
ming  movements  reach  the  eggs  and  fertilization  takes  place. 
It  is  probable  that  the  sperm  are  attracted  by  certain  chemi¬ 
cal  substances  given  off  by  the  eggs.  In  fertilization  the 
nucleus  of  the  egg  and  the  nucleus  of  the  sperm  unite  in 
the  egg  cell  to  form  the  synkaryon  just  as  has  been  noted 
previously  in  the  Invertebrates.  If  the  eggs  are  not  fertilized 
no  development  takes  place,  and  disintegration  occurs  after 
they  have  been  in  the  water  for  a  while.  When  an  egg  has 
been  fertilized  the  synkaryon  prepares  at  once  for  mitotic 
cell  division.  A  typical  spindle  is  formed,  and  the  egg 
soon  divides  into  equal  halves  which  remain  close  together 
within  the  vitelline  membrane.  (W.  fs.  123-127.) 

1.  Early  Development  ' 

Cleavage.  In  general,  the  animal  pole  of  the  Frog’s  egg 
divides  more  rapidly  than  the  vegetal  pole.  The  latter  is 
retarded  b}^  the  large  proportion  of  inert  food  substances,  or 
yolk,  which  are  present  in  it.  The  early  cleavages  generally 
occur  in  a  regular  order  which  may  be  described  as  follows. 
The  first  plane  of  cleavage  begins  near  the  center  of  the 
animal  pole  and  extends  down  through  the  vegetal  pole,  thus 
cutting  the  egg  into  equal  halves,  each  of  which  is  composed 
of  a  portion  of  both  the  animal  and  vegetal  poles  (W.  f.  134, 
A).  The  second  cleavage  is  at  right  angles  to  the  first,  but 
in  the  same  direction  so  that  the  new  embryo  consists  of  four 
similar  cells,  each  composed  of  material  form  both  poles 

1  Woodruff,  pp.  54-60 ;  249-260. 

240 


VERTEBRATE  DEVELOPMENT 


241 


(W.  f.  134,  B).  The  plane  of  the  third  cleavage  is  at  right 
angles  to  the  first  and  second.  It  cuts  the  quadrants, 
previously  formed,  in  the  region  which  separates  the  animal 
pole  from  the  vegetal  pole.  The  resulting  eight  cells  con¬ 
sist  of  an  upper  quartet  of  small  dark-colored  cells  formed  from 
the  animal  pole,  and  a  lower  quartet  of  large  cells  formed  from 
the  vegetal  pole  (W.  f.  134,  C).  The  fourth  and  fifth  cleav¬ 
ages  are  parallel  to  the  first  and  second,  but  between  them. 
They  both  begin  in  the  animal  pole  and  slowly  extend  through 
the  vegetal  pole.  The  sixth  cleavage  is  parallel  to  the  third, 
but  lies  above  it  and  is,  therefore,  entirely  in  the  animal  pole. 
After  the  sixth  cleavage  the  divisions  become  more  or  less 
irregular.  As  a  result  of  the  more  rapid  division  of  the 
dark-colored  cells  of  the  animal  pole,  they  are  much  smaller 
after  a  time  than  those  of  the  vegetal  pole  (W.  f.  134,  D ). 

Blastula.  At  about  the  24-cell  stage  the  first  indications 
are  found  of  an  internal  cavity,  termed  the  segmentation 
cavity,  or  blastocoel,  situated  well  toward  the  animal  pole 
of  the  egg  (W.  f.  134,  E).  As  cleavage  continues  this  seg¬ 
mentation  cavity,  as  shown  by  a  study  of  prepared  sections, 
increases  in  size.  It  is  enclosed  above  and  on  the  sides  by 
layers  of  the  dark  cells,  and,  in  the  same  way,  below  by  the 
larger  white  cells.  Such  a  stage  constitutes  the  blastula 
of  the  Frog’s  egg,  and  it  has  the  general  external  appearance 
of  the  golf  ball  with  approximately  one-half  of  the  surface 
(animal  pole)  blackened  (W.  f.  134,  F). 

Gastrula.  Typically,  as  we  have  already  learned,  a 
gastrula  is  a  two-layered  sac  formed  by  a  direct  invagination 
of  a  portion  of  the  outer  ectoderm  to  form  an  inner  endoderm 
layer  (W.  f.  19,  G-I ;  f.  69,  F,  G ).  In  the  Frog,  however, 
owing  to  the  large  amount  of  yolk  stored  in  the  vegetal 
pole,  the  invagination  of  the  ectoderm  is  considerably  modi¬ 
fied,  and  the  two-layered  gastrula  stage  is  reached  partly  by 
an  overgrowth  and  partly  by  an  invagination  of  the  dark  cells. 
The  comparatively  rapid  growth  and  division  of  the  dark  cells 
results  in  an  actual  overgrowth  of  the  cells  of  the  vegetal  pole 
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so  that,  as  the  process  proceeds,  the  light-colored  area  of  the 
vegetal  pole,  as  seen  externally,  constantly  diminishes  until, 
finally,  only  a  tiny  white  area,  the  yolk  plug,  remains 
(W.  f.  134,  G,  H). 

Coincident  with  the  overgrowth  there  is  a  turning  in, 
or  invagination,  of  the  outer  dark  ectoderm  cells  to  form 
the  two-layered  gastrula.  This  process  begins  in  a  small 
crescent-shaped  area  lying  near  the  boundary  between  the 
dark  and  white  cells.  The  area  of  invagination  soon  becomes 
circular  in  outline,  and  then,  as  the  growth  over  the  white 
cells  continues,  contracts  in  diameter,  finally  reaching  the 
stage  noted  above  where  only  a  tiny  area  of  the  white  cells, 
the  yolk  plug,  is  visible  externally  (W.  f.  134,  77 ).  The 
circular  area  of  invagination  is  known  as  the  blastopore. 
It  indicates  the  posterior  end  of  the  embryo  and  marks  the 
position  of  the  future  anal  opening.  The  area,  where 
invagination  begins,  is  known  as  the  dorsal  lip  of  the 
blastopore.  (W.  f.  134,  7,  blp.) 

Inside  the  embryo  at  this  stage,  largely  as  a  result  of  the 
turning  under,  or  invagination,  of  the  outer  ectoderm,  a  layer 
of  endoderm  is  formed  around  the  blastopore.  It  is  thickest 
on  the  dorsal  side  and  spreads  laterally  soon  forming  a  defi¬ 
nite  layer  beneath  the  ectoderm  (W.  f.  134,  I,  end).  It 
obliterates  the  original  blastocoel,  and  a  new  cavity  is 
formed,  lined  by  endoderm,  which  constitutes  the  primitive 
alimentary  canal,  or  enteric  cavity,  of  the  embryo.  It 
terminates  posteriorly  at  the  blastopore  which,  as  mentioned 
above,  marks  approximately  the  position  of  the  permanent 
anal  opening.  (W.  f.  134,  7,  ent;  K,  pedm.)  The  mouth 
opening  is  later  formed  at  the  anterior  end  of  the  alimentary 
canal  (W.  f.  134,  J,  stdm).  During  gastrulation  the  meso¬ 
derm  is  also  forming  in  the  region  of  the  blastopore  as  a 
third  layer  between  the  ectoderm  and  endoderm.  The  three 
layers,  ectoderm,  endoderm,  and  mesoderm  constitute  the 
primary  germ  layers  from  which  all  the  tissues  and  organs 
of  the  Frog  develop  (W.  f.  134,  7,  ect,  end,  mes ). 
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During  the  process  of  invagination,  the  layer  of  endoderm, 
which  forms  the  dorsal  wall  of  the  enteric  cavity,  becomes 
thickened,  and  from  it  an  axial  rod  of  tissue,  the  notochord, 
splits  off  (W.  f.  134,  K,  nch ).  This  is  the  forerunner  of  the 
segmented,  bony  vertebral  column  which  later  develops 
around  the  notochord.  An  external  examination  of  an  egg 
at  about  this  stage,  when  the  blastopore  is  nearly  closed, 
shows  a  differentiation  of  the  ectoderm  on  the  dorsal  side  of 
the  body  to  form  the  medullary  folds  which  are  the  fore¬ 
runners  of  the  central  nervous  system.  The  edges  of  the 
medullary  plate,  on  either  side  of  the  median  line  of  the 
embryo,  become  enlarged  and  somewhat  elevated  (W.  f.  134, 
H,J ) .  A  little  later  the  two  edges,  running  almost  the  length 
of  the  body,  meet  above  the  midline  and  fuse,  and  thus  a 
dorsal  neural  tube  of  ectoderm  is  formed.  From  this 
ectodermal  neural  tube  the  differentiated  brain  and  spinal 
cord  later  develop  (W.  f.  134,  K,  sp.  cd ). 

2.  Later  Development 

Synchronous  with  the  formation  of  the  central  nervous 
system  from  the  ectoderm,  as  just  described,  the  embryo 
begins  to  lose  the  spherical  shape  of  the  original  egg  and  to 
elongate  in  an  anteroposterior  axis  so  that  the  definite  body 
regions  can  be  identified.  Anteriorly  the  head  is  indicated, 
and  just  back  of  it  on  each  side  of  the  body,  the  ectoderm 
becomes  thickened  and  modified  to  form  an  elevated  gill 
plate  through  which  lateral  openings  into  the  pharynx 
(gill  slits)  later  appear  (W.  f.  134,  J,  hr.  cl).  Anterior  to 
each  gill  plate,  a  swelling  can  be  seen  on  the  side  of  the  head, 
which  is  the  forerunner  of  certain  sense  organs.  The  ventral 
and  posterior  regions  of  the  body  are  still  very  heavily  loaded 
with  yolk  material  at  this  time.  Projecting  from  the  extreme 
posterior  end,  on  the  dorsal  side  of  the  embryo,  is  the  tail 
bud  which  grows  posteriorly  to  form  the  tail  region.  (W.  f. 
134,  J,  t.)  A  depression  on  the  anterior  ventral  surface  of 
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the  head  indicates  the  position  of  the  future  mouth,  and  a 
similar  depression  at  the  posterior  end  of  the  body,  near  the 
original  blastopore,  marks  the  future  position  of  the  anus. 
Just  posterior  to  the  mouth  depression,  a  crescent-shaped 
area  indicates  the  ventral  sucker.  During  all  these 
changes  the  animal  is  not  feeding,  but  is  getting  its  nourish¬ 
ment  from  the  utilization  of  the  food  materials  which  were 
stored  in  the  vegetal  pole  of  the  egg.  (W.  f.  134,  J,  stdm .) 

The  microscopic  examination  of  a  longitudinal  section,  in  a 
sagittal  plane,  through  an  embryo  in  the  tail-bud  stage  shows  ' 
the  following  condition.  There  is  an  outer  covering  of 
ectoderm  cells  (W.  f.  134,  K,  ect).  Lying  ventral  to  the 
ectoderm  on  the  dorsal  side,  is  the  neural  tube,  just  formed 
by  the  fusion  of  a  portion  of  the  dorsal  ectoderm  (W.  f .  134, 
K,  sp.  cd ).  The  neural  tube  runs  the  entire  length  of  the 
embryonic  body  and,  at  this  stage,  shows  very  little  dif¬ 
ferentiation.  At  the  anterior  end  of  the  embryo  it  curves 
ventrally,  and  the  closed  end  lies  in  the  ventral  half  of  the 
body.  The  curved,  anterior  end  of  this  tube  differentiates 
into  the  fore-brain  and  the  mid-brain  ;  the  hind-brain  develops 
just  posterior  (W.  f.  134,  K,  f.  br,  m.  br,  h.  br).  At  the 
posterior  end  of  the  body,  the  neural  tube  also  bends  ventrally, 
and  in  that  region  its  cavity  connects  for  a  time  with  the 
cavity  of  the  enteron  (W.  f.  134,  K,  n.  e.  c.). 

Lying  ventral  to  the  neural  tube  is  the  solid  rod-like 
notochord  (W.  f.  134,  K,  nch),  and  below  this  the  enteric  cavity, 
the  walls  of  which  are  composed  of  endodermal  cells.  It 
also  runs  the  entire  length  of  the  body.  In  the  head  region 
the  cavity  of  the  enteron  is  very  much  larger  than  it  is 
posteriorly.  This  enlarged  portion  constitutes  the  primitive 
pharynx  (W.  f.  134,  K,  ent).  Various  portions  of  the  ali¬ 
mentary  canal  differentiate  from  it  later.  A  projection  of  the 
pharynx  runs  posteriorly  into  the  yolk  mass,  close  to  the  ven¬ 
tral  body  wall.  The  liver  is  formed  from  this  diverticulum, 
and  it  is  consequently  known  as  the  liver  diverticulum. 
Anterior  to  this,  between  the  ventral  wall  of  the  pharynx  and 
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the  body  wall,  is  a  space  which  contains  a  few  scattered, 
embryonic,  mesoderm  cells.  These  cells  represent  the 
rudiment  of  the  future  heart  (W.  f.  134,  K,  mes). 

Back  of  the  pharynx,  the  enteron  continues  as  an  un¬ 
differentiated  tube  to  the  posterior  end  of  the  body  where  it 
communicates,  as  noted  above,  with  the  cavity  of  the  neural 
tube.  At  this  time  the  permanent  anal  opening  has  not  been 
formed,  but  a  little  later  it  breaks  through  the  body  wall, 
just  below  the  embryonic  blastopore,  and  the  temporary 
connection  with  the  neural  tube  is  also  lost  (W.  f.  134,  K, 
pcdm).  A  considerable  mass  of  yolk  material  is  present  in 
the  embryo  at  this  stage.  The  cells  containing  this  material 
are  largely  grouped  in  the  posterior  half  of  the  embryo,  be¬ 
tween  the  ventral  wall  of  the  archenteron  and  the  ventral 
wall  of  the  embryo.  By  the  time  this  food  has  been  utilized, 
the  mouth  and  anal  openings  have  been  formed  and  the 
embryo  can  begin  to  feed.  (W.  f.  134,  K,  yk .) 

Lying  on  either  side  of  the  neural  tube  and  notochord,  in  a 
somewhat  triangular  space,  bounded  externally  by  the 
ectoderm,  is  the  mesodermal  tissue.  The  mesoderm  is  first 
formed  as  two  sheets  of  tissue  running  anteriorly  from  the 
blastopore,  one  on  either  side  of  the  neural  tube  and  noto¬ 
chord.  They  grow  laterally  and  ventrally,  and  soon  become 
separated,  by  a  longitudinal  division,  into  a  dorsal  portion 
(vertebral  plate)  and  a  ventral  portion  (lateral  plate)  . 
The  vertebral  plates  soon  show  evidence  of  segmentation,  and 
divide  transversely  into  a  number  of  muscle  segments,  or 
myotomes.  The  lateral  plates  of  mesoderm  grow  ventrally 
and  extend  around  the  ventral  half  of  the  embryo  until  they 
meet  and  fuse  in  the  mid-ventral  line,  thus  forming  a  complete 
layer  of  mesoderm,  just  under  the  ectoderm  and  enclosing 
the  endoderm.  Before  this  process  has  been  completed, 
each  lateral  plate  splits  into  an  outer  layer,  known  as  the 
somatic  layer,  which  is  closely  applied  to  the  ectoderm  of 
the  body  wall,  and  an  inner  layer,  the  splanchnic  layer 
which  encloses  the  endoderm  of  the  enteron,  and  later 
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gives  rise  to  the  supporting  and  muscular  elements  of  the 
wall  of  the  alimentary  canal  (W.  f.  69,  K;  sm,  spl.  m).  Be¬ 
tween  the  somatic  layer  and  splanchnic  layer  a  cavity  de¬ 
velops  which  is  the  permanent  body  cavity,  or  coelom 
(W.  f.  69,  K,  coe;  p.  127). 

Rapid  growth  of  the  embryo  continues  and,  in  a  few  days 
after  fertilization,  a  free-swimming,  fish-like  tadpole  has  de¬ 
veloped  with  definite  head,  body,  and  tail.  By  this  time  the 
embryo  has  hatched,  that  is,  it  has  emerged  from  the 
capsule  of  jelly  enclosing  it.  The  enteron  has  developed  into 
a  long,  coiled  intestine  which  is  typical  of  herbivorous  ani¬ 
mals.  External  respiratory  organs  are  present  in  the  form  of 
branched  gills,  which  arise  from  each  side  of  the  head.  These 
persist  only  a  very  short  time  and  are  replaced  by  internal 
gills,  lying  in  the  gill  slits,  which  open  in  the  pharynx.  Defi¬ 
nite  sense  organs  (eye,  nose,  and  ear)  can  be  identified  in  the 
head  region.  The  tail  has  grown  posteriorly  to  a  consider¬ 
able  length.  Along  each  side  of  the  body  the  primitive 
muscle  segments,  or  myotomes,  as  noted,  can  be  seen  lying 
below  the  outer  ectodermal  covering.  Limbs  are  not  present 
at  this  time. 

Derivation  of  the  Organs.  As  already  noted,  all  the 
tissues  and  organs  of  the  Frog  develop  from  the  three  primary 
germ  layers  (W.  pp.  57-58).  The  tissues  derived  from  the 
ectoderm  include  the  epidermis  which  forms  the  outer 
covering  over  the  entire  body,  also  the  central  nervous  system 
with  all  of  its  later  developments. 

The  endoderm  gives  rise  to  the  wall  of  the  primitive 
enteric  cavity.  This  wall  remains  as  the  permanent  lining  of 
the  alimentary  canal  so  that,  even  in  the  adult  condition,  the 
alimentary  canal  is  lined  for  almost  its  entire  length  by  cells 
which  have  been  derived  from  the  endoderm.  There  is  a 
portion  of  the  mouth  cavity  (stomadeum)  where  the  ecto¬ 
derm  is  slightly  invaginated,  and  also  a  region  at  the  extreme 
posterior  end  (proctadeum)  of  the  alimentary  canal  where 
the  same  condition  prevails  (W.  f.  134,  K,  pcdm ).  In  addi- 
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tion  to  lining  the  alimentary  canal,  the  encbderm  cells  also 
form  a  number  of  organs  which  develop  originally  as 
outgrowths  from  the  alimentary  canal.  These  associated 
organs  all  form  in  much  the  same  way  by  an  outpocketing  of 
the  endodermal  wall  of  the  enteron  to  form  either  single 
or  paired  structures  which  later  differentiate  into  various 
organs,  such  as  the  lungs,  thyroid  glands,  liver,  pancreas, 
and  bladder  (W.  f.  88). 

From  the  important  mesoderm  layer  is  formed  the  muscu¬ 
lar,  vascular,  and  supporting  elements  of  the  body.  Previous 
mention  has  been  made  of  the  division  of  the  mesoderm  into 
the  vertebral  and  lateral  plates.  The  myotomes  of  the 
former,  together  with  the  somatic  layer  of  the  lateral  plates, 
give  rise  to  the  muscle  tissue  of  the  body  wall  and  append¬ 
ages,  together  with  the  connective  tissues,  vascular  elements, 
etc. ;  while  the  muscle  layers,  and  other  elements  of  the  wall 
of  the  alimentary  canal,  except  the  endodermal  lining,  are 
derived  from  the  splanchnic  layer  (W.  pp.  138-39).  The 
coelom  is  lined  with  peritoneum  which  is  continuous  over 
the  alimentary  canal  and  other  organs,  and  is  derived  from 
both  the  somatic  and  splanchnic  layers.  The  peritoneum 
forms  the  mesenteries  by  which  various  organs  are  attached 
to,  and  suspended  from,  the  walls  of  the  coelom  (W.  f.  83,  12). 
The  mesoderm  also  gives  rise,  for  the  most  part,  to  the 
urogenital  system. 

The  fact  should  be  emphasized  that  the  organs,  in  general, 
are  not  formed  from  a  single  tissue,  but,  on  the  contrary, 
represent  a  mosaic  of  various  tissues.  The  liver,  for  example, 
is  fundamentally  an  endodermal  organ,  but  not  exclusively  so, 
for  it  contains  vascular  and  connective  and  nervous  elements 
derived  from  both  the  mesoderm  and  ectoderm. 

3.  Metamorphosis 

After  a  period  of  time,  the  length  of  which  shows  a  great 
deal  of  variation  among  different  species  of  Frogs,  the  fish¬ 
like  larva,  or  tadpole,  undergoes  radical  changes  both  in 
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structure  and  habits.  These  changes  constitute  a  process 
of  metamorphosis,  and  result  in  the  formation  of  an  air- 
breathing,  adult  Frog  with  two  pairs  of  limbs  and  no  tail. 
Experimental  work  in  recent  years  has  shown  that  the 
process  of  metamorphosis  in  the  Frog,  is  controlled  to  a 
great  extent  by  hormones  secreted  by  the  thyroid  glands 
(p.  203).  The  chief  changes  which  occur  during  metamor¬ 
phosis  may  now  be  noted  : 

(1)  In  the  development  of  limbs,  swellings  appear,  one 
on  either  side  of  the  body  at  the  base  of  the  tail.  These  are 
the  posterior  limb  buds,  and  they  continue  to  grow  rapidly 
and  soon  form  the  hind  limbs.  The  fore  limbs,  which  develop 
later,  are  formed  from  the  body  wall  in  the  region  of  the  gills. 
If  the  operculum  (p.  250)  is  cut  away  in  this  region  at  the 
proper  time,  the  tiny  limbs  may  be  found  one  on  either  side. 
Before  metamorphosis  is  completed  the  fore  limbs  break 
through  the  operculum,  so  that  at  this  stage  we  have  a  crea¬ 
ture  with  two  pairs  of  limbs  and  also  with  a  long  tail. 

(2)  Shortly  after  the  appearance  of  the  fore  limbs,  the  tail 
begins  to  decrease  in  size,  and  this  process  continues  until, 
by  the  time  metamorphosis  is  completed,  it  is  entirety  re- 
sorbccl.  It  is  not  clear  as  to  just  how  these  degenerative 
changes  in  the  tail  are  brought  about. 

(3)  During  metamorphosis,  great  changes  take  place  in 
the  alimentary  canal.  In  the  tadpole,  this  structure  is  very 
long  and  coiled  and  without  much  differentiation  between  the 
various  regions;  Such  a  type  of  alimentary  tract  is  adapted 
for  securing  nourishment  from  plant  tissues  which  form  the 
greater  part  of  the  food  of  the  tadpole.  The  metamorphic 
changes  cause  a  great  decrease  in  the  length  of  the  tract,  and 
a  greater  degree  of  differentiation  between  the  various  regions. 
These  structural  changes  adapt  the  alimentary  canal  for 
the  digestion  of  animal  tissues  which  form  the  greater  part 
of  the  food  of  the  adult  Frog. 

(4)  During  metamorphosis  the  lungs,  which  started  to 
develop  very  early  in  the  embryonic  life  and  then  stopped, 
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begin  their  growth  anew  and  form  a  pair  of  elongated,  dis¬ 
tensible,  tubular  sacs  with  highly  vascularized  walls.  They 
lie,  as  we  know,  in  the  anterior  end  of  the  coelom,  and  are 
connected,  by  the  tracheae,  with  the  glottis  which  opens  in 
the  ventral  wall  of  the  mouth  (W.  f.  83,  23,  24,  26).  Coin¬ 
cident  with  the  development  and  functioning  of  the  lungs,  the 
internal  gills  begin  to  degenerate,  and  the  young  Frog  is  no 
longer  able  to  secure  oxygen  from  the  water,  but  must  come 
to  the  surface  and  inhale  air  directly  into  the  lungs,  so 
that  the  haemoglobin  of  the  blood  can  carry  on  the  respiratory 
interchange.  These  changes  having  been  completed,  the 
young  Frog  is  like  the  adult,  except  that  it  is  smaller.  It 
feeds  and  soon  attains  the  adult  condition. 

4.  Life  Processes  in  the  Frog  Embryo 

As  soon  as  an  egg  is  fertilized  by  a  sperm  it  is  an  embryo  of 
a  new  generation,  in  other  words,  a  living  organism,  and  as 
such  it  must  carry  on  the  essential  life  processes  if  it  is  to 
survive.  It  will  be  of  value  at  this  point  to  indicate  briefly 
how  the  Frog  embryo  is  able  to  do  this.  In  the  first  place, 
the  question  of  nutrition  must  be  considered.  The  process 
of  cell  division  and  all  the  other  developmental  phenomena 
require  energy.  This  energy  in  the  early  stages,  up  till  the 
time  when  the  alimentary  tract  is  completed  by  the  mouth 
and  anal  openings,  is  obtained  by  the  embryo  from  the  yolk 
material  present  in  the  egg,  the  presence  of  which  in  the 
vegetal  pole  has  already  been  noted.  As  a  matter  of  fact, 
the  yolk  material  is  scattered  to  a  greater  or  less  degree  all 
through  the  egg,  and  in  the  succeeding  cell  divisions  this 
food  material  is  passed  on  to  all  the  cells. 

After  the  embryo  has  hatched  from  the  egg  jelly  it  begins 
to  swim  vigorously.  Soon  after  this,  the  alimentary  tract 
is  completed,  and  the  animal  begins  to  ingest  food.  It  is 
adapted  for  plant  feeding,  and  considerable  quantities  of 
plant  tissues  are  eaten.  It  is  aided  in  feeding  by  a  special 


250 


MANUAL  OF  BIOLOGICAL  FORMS 


organ,  the  ventral  sucker,  just  posterior  to  the  mouth, 
which  enables  the  tadpole  to  remain  attached  to  a  plant  in 
the  water  and  feed  undisturbed. 

From  the  one-celled  condition  until  sometime  after  the 
tail-bud  stage,  the  embryo  does  not  possess  a  vascular 
system.  Inasmuch  as  the  food  material  is  scattered  among 
the  cells  there  is  no  general  problem  with  regard  to  the  trans¬ 
portation  of  food.  The  food  is  concentrated  to  the  greatest 
extent  in  the  middle  of  the  body,  ventral  to  the  archenteron 
and  posterior  to  the  pharynx.  Apparently  the  excess  of 
food  in  these  cells  is  passed  on  to  the  other  cells  of  the  embryo 
just  as  in  Hydra  and  other  Coelenterates  where  no  vascular 
system  ever  develops.  (W.  f.  134,  K,  yk.) 

Respiration  must,  of  course,  be  continuous  from  the  earliest 
stages.  At  first  this  respiratory  interchange  takes  place  at 
the  surface  of  the  embryo,  through  the  jell}''  capsule.  This 
method  does  not  long  suffice,  and  coincident  with  the  estab¬ 
lishment  of  the  vascular  system,  gills  are  formed  through 
which  the  interchange  of  gases  takes  place.  External  gills 
are  present  for  a  few  days.  Later  they  are  covered  by  a  fold 
of  ectoderm  (operculum),  and  internal  gills  develop  in  the 
walls  of  the  gill  slits.  In  this  condition,  water  is  drawn  in 
the  mouth  and  forced  out  through  the  lateral  gill  slits  in  the 
pharynx  where  it  comes  into  contact  with  the  gill  filaments 
(W.  f.  94).  This  latter  method  of  respiration  is  continued 
until  the  lungs  are  developed,  after  which  the  animal  breathes 
air.  The  gills  on  the  right  side  of  the  embryo  degenerate 
first. 

Excretion  of  urea  in  the  tadpole  is  carried  on  in  the  early 
larval  stages  by  tubular  organs,  known  as  the  pronephroi. 
A  pair  of  these  is  developed  very  early,  one  on  either  side 
of  the  body.  Each  pronephros  consists  of  three  tubules 
which  open  into  the  coelom  at  one  end.  They  unite  at  the 
other  end  to  form  the  common  pronephric  duct.  These 
ducts  run  posteriorly  on  each  side  of  the  body  into  the  cloaca 
(W.  f.  97,  A). 
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The  anterior  portion  of  each  pronephric  duct  degenerates 
in  later  larval  life,  and  a  group  of  tubules  develop  posteriorly 
on  each  side  of  the  body  (W.  f.  97,  B).  These  form  the  per¬ 
manent  kidneys,  or  mesonephroi,  of  the  Frog  which  open 
into  the  posterior  part  of  the  former  pronephric  ducts. 
The  latter  remain  as  the  permanent  ducts  (W.  f.  97,  C,  D ). 
In  the  higher  Vertebrates,  the  permanent  kidneys  develop 
later,  and  are  known  as  the  metanephroi  (W.  pp.  176-178 ; 
f.  97,  E,  F). 

B.  Development  of  the  Chick 

The  male  and  female  reproductive  organs  of  the  Birds 
have  the  same  fundamental  type  of  structure  that  is  found 
in  the  Frog  and  other  Vertebrate  animals.  They  are  paired 
structures  in  their  early  development,  but,  in  the  later  stages, 
the  organs  on  the  right  side  of  the  female  undergo  degenera¬ 
tion  so  that  the  functional  reproductive  organs  in  the  female 
are  present  only  on  the  left  side. 

The  ovary,  as  seen  with  the  naked  eye,  consists  of  a  mass 
of  various  sized  eggs  which  appear  as  yellowish  globules. 
The  ovary  is  suspended  from  the  dorsal  wall  of  the  abdomen 
by  a  connective  tissue  mesentery,  known  as  the  mesovarium. 
Lying  near  the  ovary  is  a  large,  glandular  oviduct  which 
ends  anteriorly,  as  in  the  Frog,  in  a  large  ciliated  opening, 
the  ostium,  and  connects  posteriorly  with  the  cloaca.  The 
oviduct  consists  of  three  portions:  (1)  the  ostium,  which 
is  followed  by  (2)  a  glandular  portion,  the  cellular  walls 
of  which  secrete  both  the  ‘white’  of  the  egg  and  the  shell, 
and  (3)  a  thin-walled  portion,  which  opens  into  the 
cloaca. 

The  portion  of  the  Hen’s  egg  corresponding  to  an  entire 
Frog’s  egg  is  the  so-called  yolk.  In  the  early  stages  of  de¬ 
velopment  in  the  ovary,  the  egg  cells  are  normal  in  size  and 
shape.  During  the  developmental  stages  a  considerable 
amount  of  food  material  is  deposited  in  each  of  the  cells 
which  are  to  develop  into  mature  eggs,  so  that  they  rapidly 
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increase  in  size.  There  is  a  certain  rhythm  in  egg  forma¬ 
tion.  The  Hen  will  lay  an  egg  a  day  for  some  two  or  three 
weeks,  and  then  will  come  a  period  of  cessation  during  which 
the  clutch  of  eggs  can  be  incubated.  This  will  be  followed 
by  another  period  of  egg  laying. 

The  large  amount  of  food  material  present  in  the  yolk 
crowds  the  egg  nucleus  to  the  surface  of  one  pole,  where  it  can 
be  seen  in  a  mature  egg  as  a  little,  white,  circular  area,  the 
blastoderm  (W.  f.  128,  bl) .  The  remainder  of  the  cell  out¬ 
side  of  this  small  blastoderm,  consists  chiefly  of  inert  food 
material.  This  condition  is  an  exaggeration  of  that  found  in 
the  Frog’s  egg  where  the  greater  proportion  of  the  protoplasm 
is  at  the  animal  pole  and  the  greater  proportion  of  food  ma¬ 
terials  is  at  the  vegetal  pole.  At  this  stage  the  egg  cell,  or, 
as  we  commonly  term  it,  the  yolk,  bursts  forth  from  the 
ovary,  is  taken  into  the  ostium,  and  begins  its  passage  to 
the  exterior  through  the  oviduct.  Normally,  in  the  upper 
end  of  the  oviduct,  the  egg  cell  comes  into  contact  with  the 
sperm,  which  were  placed  in  the  lower  end  of  the  oviduct  by 
the  male.  After  fertilization,  the  division  of  the  blastoderm 
begins.  The  blastoderm  of  the  Hen’s  egg  is  the  only  part 
of  the  cell  that  divides.  Thus  we  have  partial,  or  mero- 
blastic,  cleavage  in  the  Hen’s  egg  as  compared  with  total,  or 
holoblastic,  cleavage  in  the  Frog’s  egg. 

The  fertilized  egg  continues  its  passage  down  the  oviduct, 
and  the  cells  in  the  anterior  glandular  portion  of  the  oviduct 
secrete  several  layers  of  albumen,  or  ‘white,’  around  it  (W. 
f.  128,  alb,  alb' ;  ch ).  Farther  posterior  other  secreting  cells 
form  a  thin,  enclosing  membrane  which  lies  just  below  the 
shell  in  the  Hen’s  egg  (W.  f.  128,  sh.  m).  Still  farther  down 
the  oviduct  other  secreting  cells  give  off  a  material  which 
forms  the  outer  egg  shell  (W.  f.  128,  sh).  The  latter  is 
largely  composed  of  lime,  or  calcium  carbonate.  The  pas¬ 
sage  through  the  oviduct  usually  takes  24  hours,  so  that 
if  it  is  fertilized  in  the  anterior  end  of  the  oviduct,  it  has 
reached  the  24-hour  stage  development  at  the  time  that  it 
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is  laid.  When  the  egg  is  laid,  development  ceases  unless  the 
proper  temperature  (38°  C.)  is  again  supplied.  The  embryo 
of  the  egg  will  remain  dormant  without  injury  for  several 
days  and  then  start  to  develop  again  when  given  the  proper 
temperature. 

The  division  of  the  blastoderm  in  the  Hen’s  egg  after  fer¬ 
tilization  results  in  the  formation  of  a  great  number  of  irregu¬ 
larly-shaped  cells  which  lie  at  the  center  of  the  blastoderm. 
These  are  the  primitive  ectoderm  cells,  and  they  soon  form 
a  few  layers  of  cells  which  overlie  a  small  cavity  on  the  sur¬ 
face  of  the  yolk,  which  is  the  blastocoel,  or  segmentation 
cavity.  This  constitutes  the  blastula  stage  of  the  Chick 
embryo,  and  it  consists  of  flattened  layers  of  ectoderm  cells 
above  the  blastocoel,  rather  than  a  hollow  sphere  of  cells 
enclosing  the  blastocoel  as  in  the  Frog. 

The  ectoderm  cells  continue  to  divide  and  very  soon,  in 
the  region  which  is  to  become  the  posterior  end  of  the  embryo, 
they  begin  to  turn  under  and  form  a  two-layered,  or  gastrula, 
condition.  The  two  layers  extend  anteriorly  and  laterally, 
and  in  a  short  time  cover  most  of  the  blastodermic  area. 
A  median  thickening  appears  in  the  blastoderm  at  about 
the  eighteenth  hour  of  incubation.  This  is  known  as  the 
primitive  streak,  and  it  indicates  the  longitudinal  axis  of 
the  animal.  The  ectoderm  and  endoderm  are  in  contact  along 
the  primitive  streak,  and  it  is  also  in  this  region  that  the 
mesoderm  layer  arises.  The  first  mesoderm  cells  are  given 
off  in  the  posterior  part  of  the  primitive  streak,  but  they 
soon  spread  laterally  and  anteriorly,  forming  a  definite  sheet 
between  the  ectoderm  and  endoderm. 

At  the  anterior  end  of  the  primitive  streak,  the  ectoderm 
cells  divide  very  rapidly,  and  a  definite  anterior  thickening 
can  soon  be  observed  in  this  region,  known  as  the  head 
process.  It  consists  at  first  of  only  the  ectoderm  and  en¬ 
doderm  layers,  but  later  the  mesoderm  is  also  drawn  into  it. 
The  region  of  the  blastoderm  in  which  the  head  process  forms, 
i.e.,  just  anterior  to  the  primitive  streak,  contains  the  rudi- 
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ments  of  the  body  of  the  future  embryo.  Very  shortly  there 
is  an  anteroposterior  thickening  of  the  dorsal  ectoderm  in 
this  region  to  form  the  rudiment  of  the  central  nervous 
system.  This  corresponds  to  the  medullary  plate  stage  in 
the  Frog,  and  similarly  there  is  an  elevation  of  the  lateral 
edges  of  the  medullary  plate  and  a  fusion  in  the  mid-line 
to  form  the  neural  tube.  Lying  below  it  will  be  found  the 
endoclermal  notochord.  The  lateral  mesoderm  segments 
into  the  myotomes,  which,  as  in  the  Frog,  differentiate  into 
dorsal  and  lateral  portions.  The  latter  splits  into  the  outer 
somatic  layer  and  inner  splanchnic  layer  between  which  is 
the  coelom. 

All  this  time  the  young  embryo,  developing  in  the  area  of 
the  blastoderm,  is  lying  flat  on  the  surface  of  the  yolk.  There 
now  begins,  at  about  the  twentieth  hour  of  incubation,  a 
process  of  folding,  first  at  the  anterior  end  (head  fold), 
later  at  the  sides  (lateral  folds),  and  then  posterior^ 
(tail  fold),  which  results  in  an  almost  complete  separation 
of  the  embryo  from  the  yolk  material,  so  that  the  latter  after 
a  time  is  attached  to  the  emb^o  only  by  the  yolk  stalk, 
through  which  the  food  material  is  transported  to  the 
young  embryo  by  the  embryonic  vascular  system. 

One  of  the  distinctive  things  about  the  development  of 
the  Chick  as  compared  with  the  Frog  is  that,  owing  to  the 
position  of  the  blastoderm  which  is  spread  out  flat  upon  the 
surface  of  the  yolk,  the  rudiments  of  the  various  structures 
such  as  the  coelom,  heart,  alimentary  canal,  etc.,  are  formed 
on  either  side  of  the  embryo  proper  in  right  and  left  halves. 
These  are  located  in  the  outlying  or,  as  they  are  termed, 
extra-embryonic  regions  of  the  blastoderm.  The  process 
of  folding  off  the  embryo  from  the  underlying  yolk,  which 
has  been  noted  above,  brings  the  right  and  left  rudiments  of 
these  organs  together,  underneath  the  embryo,  where  they 
unite  in  a  median  ventral  line  to  form  the  definitive  organs. 

By  the  end  of  the  third  day  of  incubation,  the  embryo  has 
grown  to  a  considerable  size,  and  many  of  the  organs  are  well 
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established.  At  this  stage  the  entire  animal  is  covered  by  a 
foetal  membrane,  the  amnion,  which,  starting  anterior 
to  the  embryo  in  the  ectoderm,  has  grown  back  over  the 
animal  from  the  anterior  end  and  also  to  some  extent  from 
the  posterior  end,  with  the  t result  that  the  embryo  is  en¬ 
closed  in  a  definite  sac  (amniotic  cavity).  At  this  stage  of 
incubation,  the  embryo  does  not  have  a  straight,  antero¬ 
posterior  axis,  but  the  anterior  end  has  a  twist  (cervical 
flexure)  of  almost  90  degrees  toward  the  right  (W.  f.  191,  B). 
The  central  nervous  system  is  well-developed,  together  with 
the  sense  organs  such  as  the  eye,  nose,  and  ear.  The  vascu¬ 
lar  system  is  also  well  established  and  functioning.  The 
heart  at  this  time  consists  of  an  auricle  and  ventricle.  The 
auricle  receives  the  blood,  containing  food  material,  which 
has  come  in  from  the  yolk  sac  through  the  large  vitelline 
veins.  This  blood  passes  into  the  ventricle,  and  then  it  is 
forced  out  through  the  arteries  to  all  parts  of  the  growing 
body,  and  eventually  back  to  the  yolk  sac.  The  embryo, 
at  this  stage,  has  four  pairs  of  gill  slits  which  are  similar  in 
structure  to  those  formed  in  the  lower  Vertebrates.  In  the 
Chick,  however,  the  gills  never  develop  so  as  to  function 
and,  after  a  few  days,  disappear  (W.  f.  191,  B,  g ). 

The  Chick  embryo  continues  to  develop,  receiving  its  food 
from  the  yolk  and  carrying  on  respiration  through  the  sur¬ 
face  of  the  shell  by  means  of  the  vascular  system.  The 
early  development  of  the  Chick  requires  about  21  days  of 
incubation,  and  then  it  breaks  through  the  shell,  with  the 
aid  of  a  specialized  structure  which  develops  on  the  beak, 
and  comes  forth  as  an  active  animal  able  to  secure  its  nour¬ 
ishment,  and  thus  to  continue  its  growth  until  the  adult 
condition  is  reached. 

C.  The  Development  of  the  Mammal  1 

The  Prototheria,  such  as  the  Duck-bill  and  Echidna,  con¬ 
stitute  the  lowest  group  of  the  Mammals.  It  is  noteworthy 
1  Woodruff,  pp.  205—206. 
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that  in  this  group  of  Mammals  the  females  are  oviparous, 
that  is  to  say,  they  lay  eggs  which  develop  outside  the  body 
of  the  female.  These  eggs  are  similar  to  the  large  yolked 
eggs  of  the  Birds  and  Reptiles  (W.  p.  416). 

In  the  Metatheria  and  Eutheria  the  females  are  viviparous, 
that  is  to  say,  the  fertilized  eggs  are  retained  within  the  body 
of  the  female  in  a  specialized  portion  of  the  oviducts,  known 
as  the  uterus,  or  womb,  until  the  embryos  reach  a  certain 
stage  of  development,  at  which  time  they  are,  as  we  say, 
born.  The  degree  of  development  of  the  embryo  at  birth 
varies  a  great  deal  in  the  different  species.  In  the  Meta- 
therian  Mammals,  such  as  the  Kangaroo  and  the  Opossum, 
the  young  are  born  in  a  very  immature  and  helpless  condi¬ 
tion,  and  are  placed  by  the  mother,  directly  after  birth,  in 
a  special  sac,  the  marsupium,  which  is  present  in  these  Mam¬ 
mals  on  the  ventral  abdominal  wall  of  the  female.  Here  the 
embryos  are  nourished  by  milk  from  the  mammary  glands 
until  they  reach  a  sufficient  degree  of  maturity  to  take  care 
of  themselves.  Even  among  the  Eutherian  Mammals  the 
development  of  the  embryo  at  birth  shows  great  variation 
in  the  different  classes.  Thus  the  new-born  embryo  is  very 
well-developed  among  the  hoofed  Mammals,  or  Ungulates, 
while  among  the  Primates,  including  Man,  the  young  are 
born  in  a  comparatively  helpless  and  immature  condition. 

Except  in  the  Prototheria,  the  mammalian  egg,  quite  un¬ 
like  that  of  the  Frog  and  Chick,  is  very  small,  being  in  gen¬ 
eral  microscopic  in  size,  and  contains  practically  no  stored 
food  for  the  nourishment  of  the  embryo  during  the  early 
stages  of  development  (W.  p.  238 ;  fs.  7,  A,  B ;  127 ;  129).  It 
is  therefore  necessary,  in  order  for  development  to  proceed, 
that  the  fertilized  egg  receive  nourishment  from  the  maternal 
tissues  very  soon  after  development  begins.  This  is  supplied 
as  described  below. 

If  sperm  are  present  the  egg  is  fertilized  soon  after  it  en¬ 
ters  the  oviduct.  It  then  begins  to  divide  by  mitosis. 
The  cleavage  is  holoblastic  and  soon  results  in  the  formation 
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of  a  spherical  body  of  cells,  known  as  a  morula.  Except 
for  the  complete  cleavage,  the  early  development  of  the  mam¬ 
malian  egg,  including  the  formation  of  the  various  organs, 
shows  great  similarity  to  that  of  the  Chick.  A  particularly 
noteworthy  feature  of  the  mammalian  embryo  at  this  stage 
is  the  precocious  formation  of  the  primary  germ  layers  and 
the  foetal  membranes  such  as  the  amnion.  A  study  of  the 
structure  of  the  embryo  at  the  morula  stage  shows  that  the 
cells  are  differentiated  into  an  inner  cell  mass,  which  con¬ 
tains  the  rudiments  of  the  embryonic  body  proper,  and  an 
outer  layer,  known  as  the  trophoblast,  which  develops 
from  the  ectoderm  at  the  surface  and  encloses  the  inner  cell 
mass. 

During  the  cleavage  stages  the  embryo  is  passing  through 
the  oviducts  down  into  the  uterus,  where  it  is  to  be  attached 
and  retained  for  a  time  during  development.  By  the  time 
it  reaches  the  uterus  the  outer  covering  of  trophoblast  has 
been  formed.  This  layer  is  very  essential  to  the  developing 
embryo,  for  the  cells  of  which  it  is  composed  are  able  to  se¬ 
crete  a  ferment  which  erodes  the  small  portion  of  maternal 
tissue  lining  the  uterus  with  which  the  tiny  embryo  is  in 
contact.  Thus  the  embryo  attaches  itself  to  the  mother, 
becoming  actually  embedded  in  the  uterine  wall.  Nutri¬ 
tive  materials  are  temporarily  secured  by  the  digestive  and 
absorptive  action  of  the  trophoblast.  A  little  later,  by  a 
combination  of  certain  foetal  tissues  with  a  portion  of  the 
maternal  uterine  wall,  a  very  remarkable  mammalian  struc¬ 
ture,  known  as  the  placenta,  is  formed  (W.  f.  113,  b). 

The  placenta  is  the  organ  by  means  of  which  the  essential 
interchange  of  materials  between  the  embryo  and  the  mother 
takes  place.  Certain  large  arteries  of  the  mother  bring  ma¬ 
ternal  blood,  carrying  nutritive  materials  and  oxygen,  to 
the  placenta,  where  it  flows  into  large  open  sinuses.  Here 
the  maternal  blood  bathes  certain  process,  or  villi,  which 
are  formed  from  foetal  tissue.  The  foetal  villi  contain  the 
endings  of  the  foetal  blood  vessels  which  run  through  the 
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umbilical  cord  (W.  f.  113,  i )  and  connect  with  the  vascular 
system  of  the  embryo.  One  of  the  foetal  vessels  (umbilical 
artery)  brings  blood  to  the  placenta  from  the  embryo.  This 
blood  contains  nitrogenous  wastes  and  carbon  dioxide  given 
off  by  the  embryo.  During  the  passage  through  the  capillary 
network  in  the  placenta  these  wastes  are  given  off  through 
the  walls  of  the  villi,  into  the  maternal  blood,  and,  synchro¬ 
nously,  nutritive  materials  and  oxygen  are  received  from  the 
maternal  blood.  The  foetal  blood,  now  freed  from  the  wastes 
and  containing  the  substances  necessary  for  the  embryo, 
passes  into  the  umbilical  veins  which  carry  it  out  of  the 
placenta  and  back  to  the  embryo  through  the  umbilical  cord. 
It  should  be  emphasized  that  the  vascular  systems  of  the 
mother  and  embryo  are  not  directly  connected  in  the  pla¬ 
centa  or  elsewhere  —  all  interchange  of  materials  between 
the  mother  and  the  developing  embryo  in  the  uterus  must, 
therefore,  take  place  by  diffusion  through  the  walls  of  the 
foetal  villi  in  the  placenta. 
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I  am  impressed  with  the  fact  that  the  greatest  thing  a  human  soul 
ever  does  in  the  world  is  to  see  something,  and  tell  what  it  saw  in  a 
plain  way.  Hundreds  of  people  can  talk  for  one  who  can  think,  but 
thousands  can  think  for  one  who  can  see. 

—  Emerson 

The  invention  of  the  microscope  made  small  things  seem  large,  and 
revealed  to  sight  what  was  too  small  to  be  seen  without  it;  but  the 
use  of  magnifying  glasses  brought  an  advantage  with  it  of  a  different 
kind  —  it  taught  those  who  used  them  to  see  scientifically  and  exactly. 
In  arming  the  eye  with  these  increased  powers  the  attention  was  con¬ 
centrated  on  definite  points  in  the  object ;  what  was  seen  was  to  some 
extent  indistinct,  and  always  only  a  small  part  of  the  whole  object ;  per¬ 
ception  by  means  of  the  optic  nerve  had  to  be  accompanied  by  conscious 
and  intense  reflection,  in  order  to  make  the  object,  which  is  observed 
in  part  only  with  the  magnifying  glass,  clear  to  the  mental  eye  in  all 
the  relations  of  the  parts  to  one  another  and  to  the  whole.  Thus  the 
eye  armed  with  the  microscope  became  itself  a  scientific  instrument, 
which  no  longer  hurried  lightly  over  the  object,  but  was  subjected  to 
severe  discipline  by  the  mind  of  the  observer  and  kept  to  methodical 
work.  The  philosopher  Christian  Wolff  observed  very  truly  in  1721, 
that  an  object  once  seen  with  the  microscope  can  often  be  distinguished 
afterwards  with  the  naked  eye;  and  this,  which  is  the  experience  of 
every  microscopist,  is  sufficient  evidence  of  the  effect  of  the  instrument 
in  educating  and  training  the  eye. 


—  Sachs 


INTRODUCTION 


A.  Equipment  1 2 

Each  student  will  require  the  following  equipment  for  his  labora¬ 
tory  work : 

(1)  Text-books. 

(2)  Loose-leaf  notebook,  about  8i  X  lOf  inches,  with  white  draw¬ 

ing  paper. 

(3)  Dissecting  instruments,  consisting  of  scalpel,  scissors,  small 

forceps,  two  needles  in  holders,  and  ruler. 

(4)  Two  pencils  for  drawing  —  3H  and  6H  —  and  an  eraser. 

(5)  Compound  microscope  with  two  eyepieces  and  two  objectives. 

(6)  Dissecting  microscope  with  one  lens. 

(7)  Six  glass  slides. 

(8)  Twelve  cover  glasses. 

(9)  Lens  paper. 

(10)  Filter  paper. 

(11)  Piece  of  cheese  cloth. 

(12)  Pins. 

B.  The  Use  and  Care  of  the  Compound  Microscope 

1.  The  compound  microscope  is  a  delicate,  complicated,  and 
expensive  instrument  and  must  always  be  handled  with  great  care. 
It  consists  of  the  following  parts : 

(1)  The  base  and  upright  support. 

(2)  The  stage,  with  a  central  opening  which  contains 

an  iris  diaphragm  for  regulating  the  amount  of 
light.  A  condenser  is  also  present  on  some  instru¬ 
ments. 

1  The  instructor  will  indicate  which  items  in  the  equipment  are  to  be 
supplied  by  the  student. 
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(3)  The  mirror,  with  concave  and  plane  surfaces,  which  is 

attached  underneath  the  stage. 

(4)  The  body,  with  coarse  and  fine  adjustments  for 

focusing,  draw  tube,  eyepiece,  or  ocular,  and  re¬ 
volving  nosepiece  holding  the  objectives. 

Identify  each  of  these  parts  and  learn  how  they  are  used. 

2.  Each  day  before  using  the  microscope,  see  that  all  parts  are 
clean.  Be  sure  that  they  are  kept  clean  during  the  exercise  and  that 
the  instrument  is  clean  when  you  leave.  If  you  find  the  instrument 
dirty  or  in  bad  order,  report  it  at  once  to  the  instructor  in  charge 
of  the  room.  Lens  paper  is  furnished  for  cleaning  the  lenses,  and 
it  is  not  permissible  under  any  circumstances  to  clean  the  lenses 
with  any  other  material. 

3.  Place  the  microscope  in  position,  with  the  upright  support 
toward  you.  See  that  eyepiece  No.1  and  objective  No.1  are  in 
position  and  that  the  iris  diaphragm  is  open.  Adjust  the  mirror 
so  that  the  maximum  amount  of  light  will  be  reflected  up  through 
the  central  opening  of  the  stage.  In  general,  use  the  mirror  with 
the  concave  surface  up. 

4.  Place  the  glass  slide,  on  which  the  object  to  be  examined  is 
mounted,  upon  the  stage  with  the  object  directly  over  the  central 
opening.  Carefully  turn  the  coarse  adjustment  screw  away  from 
you  until  the  end  of  the  objective  is  approximately  one-fourth  of 
an  inch  from  the  upper  surface  of  the  slide.  Then,  while  looking 
through  the  eyepiece,  slowly  turn  the  coarse  adjustment  screw 
toward  you  until  the  object  comes  into  view.  Bring  the  image 
into  an  exact  focus  by  slowly  turning  the  fine  adjustment  screw 
in  either  direction,  as  may  be  necessary.  Never  focus  downward 
with  the  coarse  adjustment  while  looking  through  the  microscope. 
It  is  less  tiring  and  better  in  every  way  to  keep  both  eyes  open 
while  looking  through  the  microscope.  You  will  be  able  to  do  this 
with  a  little  practice. 

5.  Always  find  an  object  first  with  the  lowest  magnification,  as 
described  in  the  preceding  paragraph,  and  always  use  the  lowest 
magnification  possible  to  accomplish  the  work  in  hand.  Before 
changing  from  a  lower  to  a  higher  power,  always  see  that  the  ob- 

1  The  numbers  are  different  in  the  various  makes  of  microscopes.  The 
correct  numbers  for  your  microscope  will  be  supplied  by  the  instructor. 
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ject  is  exactly  in  the  center  of  the  field.  The  magnification  may 
then  be  increased  as  desired  in  the  following  ways : 

(1)  By  replacing  eyepiece  No.1  with  eyepiece  No.1 

(2)  By  replacing  objective  No.1  with  objective  No.1  This 

is  accomplished  by  revolving  the  nosepiece.  Inas¬ 
much  as  this  objective  when  in  focus  is  very  close  to 
the  upper  surface  of  the  preparation,  it  will  be  nec¬ 
essary  to  use  great  care  in  making  this  change. 

(3)  By  doing  both  (1)  and  (2). 

(4)  The  magnification  can  be  still  further  increased  by 

extending  the  draw  tube,  but  this  method  is  rarely 
used. 

The  approximate  magnifications  afforded  by  the  various  com- 


binations  are 

as  follows : 
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When  a  very  low  magnification  is  desired,  as  for  example  in 
the  study  of  a  large  opaque  object,  the  simple  dissecting  micro¬ 
scope  is  used.  It  gives  a  magnification  of  about  10  diameters. 

6.  At  the  close  of  each  exercise  be  sure  to  remove,  from  the 
stage  of  the  microscope,  the  slide  that  you  have  been  studying. 
Examine  the  microscope  carefully  and  make  sure  that  all  parts, 
including  the  lenses,  are  perfectly  clean,  and  then  return  the  mi¬ 
croscope  to  its  proper  place  in  the  case.  Remember  that  since 
there  are  others  who  must  use  the  same  microscope,  the  welfare  of 
the  laboratory  depends  upon  your  cooperation  in  keeping  the  appara¬ 
tus  in  order. 

C.  Microscopic  Preparations 

7.  The  objects  which  will  be  examined  with  the  compound 
microscope  may  be  divided  into  two  classes  as  follows : 

(1)  Permanent  mounts  in  which  the  material  to  be  examined 
has  been  previously  subjected  to  complicated  histological  methods 
of  preparation.  Great  care  must  be  observed  in  handling  these 
preparations.  A  charge  will  be  made  for  breakage. 

1  Numbers  will  be  supplied  by  the  instructor. 
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(2)  Temporary  mounts  which  you  will  make  from  time  to 
time  from  fresh  materials  according  to  the  following  directions : 

(a)  Thoroughly  clean  a  glass  slide  and  cover  glass. 

( b )  Place  a  small  drop  of  water  in  the  center  of  the  glass  slide. 

(c)  Place  the  object  to  be  examined  in  the  drop  of  water. 

(d)  Cover  the  drop  of  water  containing  the  object  with  the 

cover  glass. 

(e)  Remove  any  superfluous  water  remaining  around  the  cover 

glass  with  the  absorbent  filter  paper.  Be  sure  that  no 
water  gets  on  to  the  upper  surface  of  the  cover  glass.  The 
preparation  is  now  ready  to  be  studied  under  the  micro¬ 
scope. 

(/)  When  you  have  finished  your  study  of  the  preparation,  clean 
the  slide  and  cover,  and  replace  them  in  the  drawer  for 
future  use. 

D.  Laboratory  Drawings 

8.  It  is  essential  that  careful  attention  be  paid  to  the  following 
rules  for  laboratory  drawings : 

(1)  Draw  on  only  one  side  of  the  paper. 

(2)  Arrange  the  drawings  as  neatly  and  evenly  on  the  page  as 

possible,  giving  each  plenty  of  space. 

(3)  Leave  at  least  an  inch  margin  around  the  edges  of  the  sheet. 

(4)  Always  label  every  drawing  and  each  of  its  parts. 

(5)  Remember  particularly  that  accuracy  and  neatness  are 

two  of  the  most  important  factors  in  good  laboratory 
work. 

(6)  See  that  the  laboratory  room  number,  the  seat  number,  and 

your  name  and  class  are  placed  on  the  upper  right  hand 
corner  of  each  sheet  of  drawings. 

(7)  The  drawings  should  be  placed  in  a  loose-leaf  notebook. 

The  direction  sheets  are  perforated  along  the  left  edge 
so  that,  if  desired,  one  can  be  removed  for  each  exercise 
and  mounted  in  the  loose-leaf  notebook  opposite  the  sheet 
with  the  day’s  drawings. 
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A.  Dissecting  Microscope 

1.  Examine,  with  the  dissecting  microscope,  a  slide  on  which  a 
printed  word  has  been  permanently  mounted.  What  apparent 
movement  results  when  the  slide  is  moved  to  the  right?  To  the 
left?  When  it  is  moved  toward,  and  away  from  you?  When  it  is 
rotated  ? 

B.  Compound  Microscope 

2.  After  having  carefully  studied  the  previous  section  on  “The 
Use  and  Care  of  the  Compound  Microscope,”  examine,  with  the 
lowest  power  of  the  compound  microscope,  a  letter  from  the  prep¬ 
aration  you  have  been  studying.  What  apparent  movement  re¬ 
sults  when  the  slide  is  moved  to  the  right?  To  the  left?  When  it 
is  moved  toward  and  away  from  you?  When  it  is  rotated ?  Draw 
this  letter  in  its  apparent  position  and  magnification. 

3.  Replace  the  low-power  eyepiece  No.1  with  the  high-power 
eyepiece  No.1  Draw  the  letter. 

4.  Replace  the  high-power  eyepiece  No.1  with  the  low-power 
eyepiece  No.1  and,  by  revolving  the  nosepiece,  replace  the  low- 
power  objective  No.1  with  the  high-power  objective  No.1 
Carefully  refocus  with  the  fine  adjustment.  Draw  the  letter. 

5.  Without  disturbing  the  objectives  replace  the  low-power 
eyepiece  with  the  high-power  eyepiece.  Draw  the  letter. 

6.  Note  that  the  magnification  can  be  still  further  increased  by 
extending  the  draw  tube.  Extend  it  to  its  full  length  and,  after 
refocusing,  note  the  effect  on  the  magnification. 

7.  Examine,  with  the  low  power,  a  preparation  of  scales  from 
the  wing  of  a  butterfly.  Make  several  outline  drawings  showing 
different  types  of  scales. 

8.  Replace  the  low-power  eyepiece  with  the  high-power  eyepiece. 
Study  the  markings  on  the  surface  of  the  scales  and  make  a  drawing 
of  a  portion  of  a  scale  to  show  their  character. 

1  Instructor  will  supply  information. 
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THE  CELLULAR  ORGANIZATION  OF  PLANT 
TISSUES 


1.  Carefully  peel  off,  with  a  scalpel,  a  portion  of  the  delicate, 
transparent  covering  (epidermis)  from  the  upper  surface  of  a  leaf, 
and  make  a  temporary  mount,  according  to  the  directions  in  the 
previous  section  on  “Microscopic  Preparations.”  Examine  the 
preparation  with  the  low  power  of  the  microscope  and  draw  about 
ten  adjacent  epidermal  cells  to  show  their  structure  and  arrange¬ 
ment.  Each  cell  should  be  drawn  about  half  an  inch  in  diameter. 

2.  Examine,  with  the  low  power,  a  permanent  preparation  of 
stained  sections  of  an  Onion  root.  Note  that  some  of  the  sections 
are  cut  transversely  and  that  others  are  cut  longitudinally. 

3.  Study  first  a  transverse  section.  These  are  circular  in  outline. 
Note  the  faintly  stained,  granular  cytoplasm  which  surrounds  the 
nucleus  of  each  cell  and  fills  the  greater  part  of  the  space  within 
the  cell  wall.  Note  the  vacuole  present  in  some  of  the  cells. 

4.  Draw  about  10  adjacent  cells  to  show  their  structure  and 
arrangement.  Each  cell  should  be  drawn  about  half  an  inch  in 
diameter. 

5.  Draw,  under  the  high  power,  a  single  cell  about  an  inch  in 
diameter,  showing  cell  wall,  cytoplasm,  nucleus,  and  vacuole. 

6.  Study  a  longitudinal  section  of  the  Onion  root.  Select  a  typi¬ 
cal  cell  from  near  the  tip  of  the  root  and  make  a  drawing  of  it  simi¬ 
lar  to  that  already  made  in  paragraph  5. 

7.  Compare  the  last  two  drawings  of  cells  in  paragraphs  5  and  6 
and  from  them  make  an  outline,  in  perspective,  of  a  single  cell 
which  will  show  it  as  a  solid  with  the  three  dimensions. 
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THE  CELLULAR  ORGANIZATION  OF  ANIMAL 

TISSUES 


1.  Mount  a  small  piece  of  the  shed  outer  layer  (epidermis)  of 
Frog  skin,  which  has  previously  been  stained  with  eosin  in  water. 
Examine,  with  both  the  low  and  the  high  power,  and  draw  about  10 
adjacent  cells  to  show  their  structure  and  arrangement. 

2.  With  the  handle  of  the  scalpel,  or  the  end  of  your  finger, 
gently  scrape  the  inside  of  your  cheek.  Mount  the  scrapings  in 
a  drop  of  water  on  a  clean  slide  and  examine  with  both  the  low  and 
the  high  power.  Draw,  under  high  power,  several  cells  of  different 
shapes. 

3.  Stain  the  cells  by  adding  a  drop  of  acetic  carmine.  Examine 
under  the  high  power  and  observe  the  changes  which  have  taken 
place.  It  will  be  noted  that  the  nucleus  of  a  cell  stains  more  heav¬ 
ily  than  the  cytoplasm.  Make  a  drawing,  about  an  inch  in  diame¬ 
ter,  of  a  single  cell  showing  the  structure  of  the  cytoplasm  and 
nucleus. 

4.  Examine  a  permanent  preparation  of  the  liver  or  other  tissue 
of  an  animal  and  draw  several  of  the  cells  as  seen  under  the  high 
power,  showing  their  structure  in  detail. 

5.  Mount  a  drop  of  Frog’s  blood  which  has  been  diluted  with 
normal  salt  solution.  Study  under  the  low  power  and  note  the 
appearance  of  the  disc-shaped  cells  (red  corpuscles)  floating  in  the 
plasma. 

6.  Examine  the  preparation  with  the  high  power,  gently  tapping 
the  cover  glass  from  time  to  time  in  order  to  set  the  cells  in  motion 
so  that  you  may  see  their  three  dimensions.  Draw  three  or  four 
cells  as  seen  from  various  aspects. 
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PROTOPLASMIC  MOVEMENT 


1.  Mount  two  or  three  young  leaves  from  near  the  tip  of  a  stem 
of  Elodea.'  Examine  under  the  low  power  and  draw  a  portion  of 
one  leaf  to  show  the  general  structure. 

2.  Examine  the  preparation  with  the  high  power  and  find  an 
area  in  which  the  cells  show  a  movement  of  their  contents.  Care¬ 
fully  study  the  nature  of  the  movement.  Does  the  substance  move 
in  the  same  direction  in  all  the  cells?  Does  it  change  its  direction 
after  a  time?  Do  any  of  the  green,  disc-shaped  chloroplastids 
pass  through  the  walls  between  adjacent  cells?  What  is  their 
course?  Draw  several  adjacent  cells  and  indicate  by  arrows  the 
direction  of  the  movement  observed. 

3.  Stain  the  preparation  with  iodine  solution.  Make  a  large 
drawing  of  a  cell  to  show  cell  wall,  cytoplasm,  nucleus,  chloro¬ 
plastids,  and  vacuole. 

4.  Examine  a  few  filaments  of  Oscillatoria  under  the  high  power, 
and  make  a  diagram  to  illustrate  the  nature  of  the  movement 
observed. 

5.  Observe  the  movements  shown  on  the  stimulation  of  the  Sen¬ 
sitive  Plant  ( Mimosa  pudica). 

6.  Place  a  small  piece  of  a  Clam’s  gill  on  a  slide  and,  with  two 
needles,  gently  tease  it  apart  in  a  drop  of  the  body  fluid.  Cover 
and  examine  with  high  power.  Note  the  currents  in  the  surround¬ 
ing  fluid  caused  by  the  rapid  vibration  of  the  delicate,  protoplas¬ 
mic  processes  (cilia)  which  are  present  on  the  outer,  exposed  sur¬ 
face  of  certain  cells  (ciliated  cells)  of  the  gills. 

7.  To  demonstrate  the  fact  that  lifeless  particles  may  also  ex¬ 
hibit  motion,  examine,  with  the  high  power,  a  drop  of  water  which 
contains  a  little  powdered  carmine.  The  motion  observed  is  termed 
Brownian  movement. 
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AMOEBA 


1.  Mount  and  examine  with  a  medium  power  (high-power  eye¬ 
piece  with  low-power  objective)  a  drop  of  water  which  contains 
Amoebae.  These  will  be  noted  as  very  small,  irregular,  semi¬ 
transparent,  granular  bodies.  Study  under  high  power,  taking 
care  not  to  lose  the  specimen  when  shifting  objectives.  Note : 
(1)  the  method  by  which  the  animal  moves ;  (2)  the  constant  but 
slow  changes  in  the  shape  of  the  body,  and  (3)  the  irregular  pro¬ 
cesses  (pseudopodia)  which  are  formed. 

2.  Distinguish  the  transparent,  outer  layer  of  protoplasm 
(ectoplasm)  from  the  inner,  granular  layer  (endoplasm).  In 
this  connection,  examine  the  pseudopodia  with  particular  care. 

3.  Make  at  least  10  outline  drawings,  at  one-minute  intervals, 
to  show  the  changes  in  the  shape  of  the  organism.  Indicate  in 
each  drawing  the  anterior  and  the  posterior  end  of  the  animal. 

4.  Note  the  food  materials  in  process  of  digestion  enclosed  in 
the  food,  or  gastric,  vacuoles  in  the  endoplasm.  If  carefully 
watched  it  is  sometimes  possible  to  observe  the  manner  in  which 
an  Amoeba  ingests  food  and  egests  the  indigestible  refuse. 

5.  Locate  the  transparent,  spherical  contractile  vacuole 
and  note  that  the  fluid  contents  are  discharged  at  intervals.  Find 
the  transparent,  dise-shaped  nucleus. 

6.  Make  a  drawing,  2  or  3  inches  in  diameter,  of  an  animal  to 
show  all  of  the  details  of  structure  which  you  have  observed  in  your 
preparation. 
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PLEUROCOCCUS 


1.  Examine,  with  the  dissecting  microscope,  the  greenish  ma¬ 
terial  present  on  the  outside  of  a  piece  of  bark  and  note  its  general 
appearance. 

2.  Scrape  off  a  little  of  the  material  on  to  a  slide.  Mount  in  a 
drop  of  water  and  examine  with  the  low  power  of  the  compound 
microscope.  Note  that  the  material  consists  of  definite  cells,  each 
of  which  is  an  independent  unicellular  plant,  Pleurococcus. 

3.  Examine  the  preparation  with  the  high  power.  Select  a  large 
single  cell  and  note :  (1)  the  cell  wall,  which  is  quite  thick 
and  composed  of  cellulose,  and  (2)  the  large  green  chloroplastids 
which  almost  fill  the  body  of  the  cell.  They  are  embedded  in 
(3)  the  cytoplasm.  (4)  The  nucleus  lies  in  the  center  of  the  cell 
between  the  chloroplastids,  but  is  often  somewhat  difficult  to 
demonstrate.  Stain  the  preparation  with  iodine  solution  and 
reexamine  for  the  nucleus.  Make  a  drawing  of  a  single  cell,  about 
one  inch  in  diameter,  to  show  the  structures  observed. 

4.  Note  that,  in  some  cases,  the  cells  may  be  in  pairs  or  even 
in  larger  groups,  both  of  which  have  resulted  from  the  incomplete 
division  of  single  cells.  Thus  small  temporary  colonies  of  inde¬ 
pendent  cells  are  formed  which  are  believed  to  be  the  forerunners 
of  the  permanent  cell  groupings  in  the  higher  multicellular  plants 
and  animals.  Draw  all  the  different  kinds  of  cell-groups  you  can 
find  in  your  preparation. 
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EUGLENA 


1.  Mount  a  drop  of  water  containing  Euglena,  and  examine  with 
the  low  power.  The  active  specimens  will  be  seen  as  green,  elon¬ 
gated,  free-swimming  bodies.  When  an  individual  is  not  actively 
swimming,  it  shows  certain  characteristic  squirming  movements 
(euglenoid  movements)  which  result  in  marked  changes  in  the 
shape  of  the  cell. 

2.  Make  a  series  of  outline  drawings  to  show  the  successive 
changes  in  the  shape  of  a  single  individual. 

3.  Study  various  specimens  of  Euglena  with  the  high  power. 
Distinguish  the  anterior  and  posterior  ends.  Note :  (1)  the 
flagellum  which  is  attached  in  a  depression  (gullet)  at  the 
anterior  end  (careful  focusing  will  be  necessary) ;  (2)  the  red  pigment 
spot  (stigma)  ;  (3)  the  contractile  vacuoles  and  reservoir  ; 
(4)  the  nucleus. 

4.  The  green  color  of  Euglena  is  due  to  chlorophyll.  It  is 
present  in  a  number  of  oval  discs  (chloroplastids)  which  are 
suspended  in  the  protoplasm.  Other  larger  bodies  (pyrenoids) 
can  generally  be  noted,  which  retain  the  food  material  after  it  has 
been  manufactured. 

5.  Make  a  drawing  about  3  inches  long  showing  all  the  observed 
structures. 

6.  Occasionally,  inactive  individuals  are  found  which  have 
become  almost  spherical  in  shape  and  which  are  surrounded  by  a 
rather  thick  cyst  wall.  Such  specimens  are  encysted.  They  may 
undergo  division  during  encystment.  Study  any  encysted  speci¬ 
mens  present  in  your  preparation  and  make  drawings  to  show  the 
structure  as  observed. 
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PARAMECIUM 


1.  Mount  a  drop  of  water  containing  Paramecia,  together  with 
a  little  powdered  carmine,  and  examine  with  the  low  power.  The 
animals  will  be  seen  as  light-colored,  rapidly-moving  bodies  which 
rotate  on  their  long  axis  as  they  swim.  With  the  naked  eye,  the 
Paramecia  are  just  barely  visible  as  tiny  white  specks. 

2.  Select  a  quiet  animal  under  the  low  power  and  then  study 
with  the  high  power.1  Distinguish  the  anterior  and  posterior 
ends.  Note:  (1)  the  clear  outer  ectoplasm  with  pellicle  ;  (2)  the 
granular,  inner  endoplasm;  (3)  the  fine,  vibratile  cilia  which 
cover  the  entire  body ;  (4)  the  depression  (peristome)  'which  begins 
at  the  anterior  end  and  extends  obliquely  backward  to  beyond  the 
middle  of  the  body;  (5)  the  mouth,  located  near  the  posterior 
end  of  the  peristome;  (6)  the  funnel-like  depression  (gullet) 
which  leads  from  the  mouth  down  into  the  endoplasm;  (7)  the 
position  and  rhythmic  appearance  and  disappearance  of  the  two 
contractile  vacuoles  with  their  radiating  canals.  Focus 
carefully  on  the  edge  of  the  body  and  note  (8)  the  layer  of  tiny 
oval  bodies  (trichoc ysts)  lying  in  the  ectoplasm  just  beneath  the 
outer  surface. 

3.  Observe  that  the  current  caused  by  the  ciliary  action  sweeps 
the  carmine  particles,  which  were  placed  in  the  drop  of  water,  down 
the  peristome  through  the  mouth  opening  and  into  the  gullet,  at 
the  lower  end  of  which  they  collect  into  gastric  vacuoles.  Note 
the  numerous  gastric  vacuoles  containing  the  carmine  particles  in 
the  endoplasm. 

4.  Make  a  drawing  about  3  inches  long  showing  the  structures 
observed. 

5.  Remove  the  cover  glass  of  the  preparation  you  have  been 
studying  and  add  a  drop  or  two  of  acetic  carmine.  This  wdll  kill 
the  animals  and  also  stain  the  nuclear  apparatus  (macronucleus 
and  micronucleus).  Study  with  the  high  power  and  add  the 
details  of  nuclear  structure  to  your  drawing  in  paragraph  4. 

6.  Place  a  drop  of  water  containing  Paramecia  on  a  clean  slide 
and  kill  the  animals  by  adding  a  drop  or  two  of  iodine  solution. 
Note  what  happens  to  the  cilia  and  trichocysts.  Make  a  drawing 
of  a  small  portion  of  the  ectoplasm  showing  some  of  the  trichocysts 
with  the  threads  protruded. 

7.  Make  a  fresh  preparation  of  the  Paramecia  and  draw  any 
animals  you  see  which  may  be  in  a  state  of  division  or  of  con¬ 
jugation. 

1  It  will  probably  be  necessary  to  remove  the  cover  glass  and  add  a  drop 
or  two  of  quince  seed  jelly  to  the  preparation  in  order  to  quiet  the  animals. 
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VORTICELLA 


1.  Mount  a  drop  of  water  containing  Vorticellae,  together  with 
a  little  powdered  carmine,  and  examine  with  the  low  power.  Make 
a  drawing  of  a  small  group  of  the  animals  attached  to  a  piece  of 
debris. 

2.  Study  the  preparation  with  the  high  power  and  note  that  the 
general  shape  of  the  organism  is  that  of  an  inverted  bell,  usually 
attached  by  means  of  a  long  contractile  stalk.  Note  the  outer 
pellicle,  the  ectoplasm,  and  the  endoplasm.  Determine  how 
and  where  the  particles  of  carmine  are  taken  into  the  body  and 
identify  the  gastric  vacuoles  with  the  carmine  particles. 

3.  Identify  the  following  structures :  (1)  the  peristome,  or 

rounded  rim,  at  the  large  end  of  the  bell ;  (2)  the  disc,  or  elevated, 
plate-like  area,  included  within  the  peristome  and  filling  the  large 
end  of  the  bell;  (3)  the  vestibule,  or  depression,  between  the 
disc  and  the  peristome;  (4)  the  mouth,  opening  into  (5)  the 
gullet  which  is  a  slender  tube  leading  from  the  vestibule  into 
the  endoplasm  of  the  body;  and  (6)  the  contractile  vacuole. 
Determine  what  parts  of  the  body  bear  cilia.  Study  the  contrac¬ 
tions  of  the  stalk. 

4.  Make  a  drawing  about  2  inches  long  showing  the  general 
structure  of  the  organism  and  as  many  as  possible  of  the  details 
mentioned  above. 

5.  Add  a  little  acetic  carmine  to  your  preparation,  which  will 
kill  and  stain  the  animals,  and  then  note :  (1)  the  long,  U-shaped 
macronucleus;  (2)  the  small,  round  micronucleus;  (3)  the 
stalk  consisting  of  a  sheath  continuous  with  the  pellicle  of  the  bell, 
and  surrounding  the  central  contractile  filament  (myonemes). 
Add  these  structures  to  your  previous  drawing. 
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BACTERIA 


1.  Mount  a  drop  of  stagnant  water  which  contains  decaying 
organic  material.  Study  the  preparation  carefully  with  the  high 
power  and  note  the  various  types  of  Bacteria  which  are  there 
present.  The  straight,  rod-like  forms  are  bacilli  ;  the  bent,  rod¬ 
like  forms  are  spirilla  ;  the  extremely  small,  spherical  forms  are 
cocci,  and  the  very  long  filamentous  forms  filled  with  tiny,  yellow 
sulfur  granules  are  beggiatoa.  Note  the  movement  which  each 
kind  of  Bacteria  exhibits.  Compare  with  Brownian  movement 
(p.  271).  Make  a  drawing  of  the  field  under  observation,  showing 
all  kinds  of  Bacteria  which  you  have  found  there. 

2.  Mount  a  little  of  the  substance  secured  from  between  your 
teeth.  Study  the  preparation  under  the  high  power.  Identify  and 
draw  the  various  forms  of  Bacteria  which  you  find  in  it. 

3.  Mount  a  drop  of  water  in  which  a  piece  of  meat  has  been 
decomposing.  Study  the  preparation  under  high  power.  Identify 
and  draw  the  various  forms  of  Bacteria  which  you  find  in  it. 

4.  Examine,  under  the  high  power,  permanent  preparations  of 
various  kinds  of  Bacteria  and  draw  a  few  cells  of  each  kind. 
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YEAST 


1.  Examine  a  flask  of  water  in  which  some  compressed  Yeast  and 
sugar  have  been  placed.  Note  the  physical  characters  of  the  fluid, 
including  the  smell,  color,  and  taste,  and  also  the  minute  bubbles 
of  carbon  dioxide  which  are  continually  rising  to  the  surface. 

2.  Mount  a  drop  of  the  scum  from  the  liquid  and  examine  with 
both  the  low  and  the  high  power.  Note  the  oval  yeast  cells  with 
the  much  larger  starch  grains  interspersed  among  them.  Under 
the  high  power,  make  a  drawing  of  the  field  under  observation. 

3.  Make  a  series  of  drawings  to  show  the  asexual  reproduction  of 
the  Yeast  cells  by  budding.  Draw  a  large  colony  of  the  Yeast 
cells.  How  many  cells  are  there  in  a  Yeast  plant? 

4.  Treat  the  preparation  with  a  very  small  amount  of  iodin 
solution.  The  starch  grains  are  stained  a  deep  blue  and  the  Yeast 
cells  are  stained  brown. 

5.  Make  a  large  drawing  to  show  the  structure  of  a  Yeast  cell, 
noting  cell  wall,  cytoplasm,  generally  with  numerous  tiny 
granules,  and  the  large,  central  vacuole.  The  nuclear  material 
in  the  Yeast  cells  cannot  be  distinguished  except  by  special 
methods  of  staining. 
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BREAD  MOLD 


1.  Examine  with  the  dissecting  microscope,  the  white,  filamen¬ 
tous  fungus  growth  on  a  piece  of  moldy  bread  and  note  its  general 
appearance. 

2.  Place  a  very  small  piece  of  bread,  which  bears  the  Mold,  in 
a  drop  of  water  on  a  slide  and  tease  it  apart  with  dissecting  needles. 
Then  mount  and  examine  with  the  low  power  of  the  compound 
microscope.  Note  that  the  Mold  is  composed  of  a  network  of  fine 
filaments,  or  hyphae.  The  hyphae  taken  together  constitute  the 

MYCELIUM. 

3.  Study  the  mycelium  and  identify  the  following  forms  of 
hyphae :  (1)  the  relatively  thick  stoloniferous  hyphae  which 
ramify  through  the  substance  of  the  bread ;  (2)  the  groups  of  short 
root-like  hyphae;  (3)  the  erect  hyphae  (sporangiophores), 
each  of  which  bears  at  its  apex  a  sporangium  containing  great 
numbers  of  tiny,  brown  spores.  Draw  a  portion  of  the  plant  which 
shows  all  these  parts. 

4.  Make  four  drawings  of  sporangia  in  different  stages  of 
development,  ending  with  the  fully  developed  stage  in  which  the 
spores  are  being  discharged. 

5.  Examine  the  discharged  spores  with  the  high  power  and  draw  a 
few  of  them  to  show  their  general  structure. 
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VOLVOX 


1.  Place  a  drop  of  water  containing  Volvox  on  a  slide.  *  Examine, 
without  cover  glass,  under  the  low  power.  Each  Volvox  colony- 
will  be  seen  as  a  more  or  less  transparent,  hollow  sphere.  Note  that 
each  colony  is  composed  of  a  large  number  of  tiny,  greenish  bodies 
(somatic  cells)  which  are  embedded  in  a  transparent,  gelatinous 
material.  In  many  cases  a  number  of  smaller  spheres  are  enclosed 
within  the  walls  of  the  parent  colony.  These  are  the  daughter 
colonies,  and  they  have  arisen  asexually  by  repeated  divisions  of 
specialized  reproductive  cells  (parthenogonidia)  which  develop 
without  fertilization.  Make  an  enlarged  drawing  of  a  Volvox  colony 
to  show  the  structure  as  observed. 

2.  Carefully  place  a  cover  glass  on  the  preparation  and  examine 
with  the  high  power.  Focus  on  the  wall  of  a  colony  at  the  equator, 
so  as  to  get  a  profile  view  of  the  cells  in  this  region.  Make  a  careful 
study  of  a  number  of  the  somatic  cells  and  note  that  the  cell  body  of 
each  consists  of  an  irregular-shaped,  colored  bit  of  cytoplasm. 
Branching  out  from  each  cell  body  are  very  fine  cytoplasmic 
strands  which  run  through  the  intercellular  material  and  connect 
with  other  cell  bodies  so  that  there  is  a  protoplasmic  continuity 
among  the  cells  of  the  colony.  Each  cell  also  possesses  two  flagella 
which  project  to  the  exterior.  Draw  a  portion  of  the  wall  of  the  col¬ 
ony  giving  a  profile  view  of  the  cells  as  outlined  above. 

3.  Focus  on  one  of  the  asexual  daughter  colonies.  Note  the 
comparatively  small  amount  of  intercellular  material  between  the 
cells.  Draw  a  portion  of  the  wall  of  the  colony. 

4.  If  material  is  available,  study  a  Volvox  colony  in  which  sexual 
cells  are  present.  In  such  a  colony  note  (1)  a  spermary,  which 
consists  of  a  large  number  of  sperm  cells,  or  male  gametes, 
grouped  together  to  form  a  rather  flat  plate,  and  (2)  an  ovary  of 
about  the  same  size  as  the  spermary,  but  which  contains  only  a 
single  egg  cell,  or  female  gamete.  Both  the  spermaries  and 
ovaries  are  embedded  in  the  wall  of  the  colony  and  arise  from 
specialized  cells.  Draw  to  show  the  structure  as  observed. 
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SPIROGYRA 


1.  Mount  a  few  filaments  of  Spirogyra  and  examine  with  the 
low  and  the  high  power.  Draw  a  portion  of  one  of  the  filaments 
to  show  its  division  into  cells. 

2.  Study  under  the  high  power.  Note  the  cell  walls  and  the 
connection  between  adjacent  cells.  Note  also  in  each  cell  the 
long,  green,  spiral  chloroplastids.  Count  them  and  make  out 
their  arrangement. 

3.  Stain  the  preparation  with  a  small  drop  of  iodin  solution. 
Note  the  changes  of  color  in  the  rounded  bodies  embedded  in  the 
chloroplastids.  These  are  the  reserve  food  bodies  (pyrenoids), 
and  their  blue  color,  after  the  treatment  with  iodin,  indicates  the 
presence  of  starch. 

4.  Examine  carefully  the  cell  wall  and  note  the  thin  layer  of 
cytoplasm,  which  lines  it  internally,  and  the  large  vacuole,  filled 
with  cell  sap,  which  occupies  the  greater  part  of  the  cell.  Focus 
carefully  near  the  center  of  the  cell  and  find  the  nucleus,  surrounded 
by  a  thin  layer  of  the  cytoplasm  and  suspended  by  delicate  strands 
of  cytoplasm  which  run  out  to  the  layer  of  cytoplasm  lining  the 
cell  wall. 

5.  Make  a  drawing  about  two  inches  in  length  of  a  single  cell 
showing  the  detailed  structure  and  the  connection  with  adjacent 

cells. 

6.  Asexual  reproduction  :  Examine  a  number  of  filaments 
carefully  for  evidence  of  recent  multiplication  by  transverse  division 
of  some  of  the  ceils.  Draw. 

7.  Sexual  reproduction  :  Examine  a  permanent  preparation 
which  shows  the  filaments  in  process  of  conjugation.  Study  with 
the  high  power  and  draw  as  many  stages  of  conjugation  as  can  be 
found,  including  the  fully  formed  zygotes. 
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MOSS 


1.  In  the  Moss  the  sexual  generation  (gametophyte)  consists 
of  a  short,  upright  stem  which  bears  leaves,  arranged  in  spirals,  and 
fine,  filamentous  rhizoids  which  function  as  roots. 

2.  The  asexual  generation  (sporophyte)  is  an  atypical,  dependent 
structure  which  develops  from  a  fertilized  egg,  near  the  tip  of  the 
gametophyte  to  which  it  remains  attached.  The  sporophyte 
consists  of  a  foot  which  is  attached  to  the  gametophyte;  (2)  a 
long,  thin  stalk,  and  (3)  a  highly  developed  spore  capsule  filled 
with  spores. 

3.  Examine,  with  the  dissecting  microscope,  a  specimen  of  the 
Moss  plant  which  shows  the  gametophyte  with  the  sporophyte 
attached  to  it.  Identify  the  structures  mentioned  above  and  make 
a  drawing  to  show  them. 

4.  Open  the  capsule  of  the  sporophyte  and  note  that  it  contains 
the  tiny,  brown  spores.  Mount  a  few  of  these,  study  their  structure 
under  the  high  power,  and  draw  a  few  of  them. 

5.  Study,  with  the  low  power,  a  prepared  slide  1  on  which  has 
been  mounted  the  tip  of  a  gametophyte  to  show  the  sexual  organs 
situated  there.  Note :  (1)  the  larger,  club-shaped  male  organs 
(antheridia)  which  contain  great  numbers  of  sperm  cells  ;  (2)  the 
slender,  female  organs  (archegonia)  with  enlarged  basal  portions, 
or  venters,  each  of  which  contains  a  single  egg  cell  ;  (3)  the  nu¬ 
merous  rod-like  structures  (sterile  hairs)  which  are  found  in¬ 
terspersed  among  the  reproductive  organs.  Make  a  drawing  to 
show  the  structures  observed. 

1  If  a  prepared  slide  is  not  available,  a  satisfactory  fresh  preparation  can 
be  made  by  carefully  dissecting  the  tip  of  the  gametophyte  stem  under  a 
dissecting  microscope. 
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COMMON  FERN 


1.  In  this  plant  the  sexual  generation  (gametophyte)  consists 
of  a  very  small,  green,  independent,  leaf-like  structure  known  as  a 
PROTHALLUS.  The  asexual  generation  (sporophyte)  is  the  large, 
leafy  fern  plant  which  shows  a  differentiation  into  root,  stem, 
and  leaves. 

A.  Asexual 

2.  The  stem  (rhizome)  of  the  Fern  sporophyte  grows  under¬ 
ground.  It  bears  the  leaves,  which  grow  upward  and  the  roots 
which  grow  downward.  The  portion  of  the  plant  above  ground 
consists  of  the  leaf  stalks  (petioles)  and  the  body  of  the  leaves 
(laminae)  .  Each  leaf  is  subdivided  into  a  number  of  lobes  (pin¬ 
nae),  and  these  are  further  subdivided,  in  some  species,  into  leaf¬ 
lets  (pinnules). 

3.  Examine  the  leaves  and  note  that  they  are  of  two  kinds: 
(1)  sterile  leaves  (foliage)  and  (2)  fertile  leaves  (sporophylls) 
on  the  under  surface  of  which  the  spores  are  developed  in  the  brown- 
colored  bodies  (sori).  The  sori  are  partly  covered  by  flap-like  out¬ 
growths  (indusia)  of  the  epidermal  cells  on  the  surface  of  the  leaf. 

4.  Make  (1)  a  drawing  of  the  upper  surface  of  a  foliage  pinna 
indicating  the  venation  and  (2)  of  the  under  surface  of  a  fertile 
pinna  to  show  the  sori. 

5.  Scrape  off  a  few  of  the  sori  and  place  them  in  a  drop  of  water 
on  a  slide.  Tease  them  apart  with  dissecting  needles,  cover,  and 
examine  under  the  low  power.  Note  that  they  contain  numerous 
spore  cases  (sporangia),  which  are  filled  with  the  minute  brown 
spores.  Note  also  the  manner  in  which  the  sporangia  open  to 
discharge  the  spores  by  the  action  of  the  annulus.  Make  a  draw¬ 
ing  to  show  the  structures  observed. 

B.  Sexual 

6.  Study  a  permanent  mount  of  a  prothallus,  first,  with  a  dis¬ 
secting  microscope  and  then  with  the  low  power  of  a  compound 
microscope.  Note :  (1)  the  filamentous  rhizoids  by  which  it  is 
attached  to  the  soil;  (2)  the  male  sexual  organs  (antheridia) 
which  occur  near  the  base  of  the  prothallus  among  the  rhizoids; 
(3)  the  female  sexual  organs  (archegonia)  which  occur  near  the 
notch  at  one  end  of  the  prothallus.  Make  a  drawing  of  the 
under  surface  showing  the  structures  observed. 

7.  Examine  material  which  shows  a  young  sporophyte  develop¬ 
ing  from  the  archegonium  of  the  prothallus. 
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SEED  AND  SEEDLING 

A.  Bean 

1.  Examine  a  Bean  seed  which  has  been  soaked  in  water  over¬ 
night.  Note  the  scar  (hilum),  which  marks  the  place  of  attach¬ 
ment  to  the  parent  plant,  and,  at  one  end  of  the  hilum,  a  tiny  open¬ 
ing,  the  micropyle.  Draw. 

2.  Remove  the  outer  seed  coat,  thus  exposing  the  two  thick 
white  seed  leaves,  or  cotyledons,  which  are  attached  to,  and  form 
a  part  of,  the  small,  rod-like  embryo  proper.  One  end  of  the  embryo 
(radicle)  is  somewhat  pointed,  and  this  becomes  the  root.  The 
other  end,  which  lies  between  the  cotyledons,  is  the  primary  bud 
(plumule)  of  the  shoot  and  bears  two  tiny  leaves.  The  portion 
of  the  embryo  below  its  attachment  to  the  cotyledons  is  the 
hypocotyl.  Draw  to  show  the  structures  observed. 

3.  Examine  and  draw  a  bean  seed,  which  has  begun  to  germinate, 
and  a  series  of  seedlings  from  one  to  three  weeks  old.  Note  par¬ 
ticularly  in  each  stage :  (1)  the  change  in  shape,  color,  and  position 
of  the  cotyledons ;  (2)  the  development  of  the  shoot,  consisting  of 
the  stem,  with  nodes  and  internodes,  and  the  leaves,  and  (3)  the 
development  of  the  primary  root  and  its  branches,  the  secondary 
roots. 

B.  Corn 

4.  Examine  a  Corn  seed  which  has  been  soaked  in  water  over¬ 
night.  Note  that  the  embryonic  area  is  to  be  seen  as  a  white  por¬ 
tion  on  one  side,  near  the  small  end  of  the  seed.  With  a  sharp 
scalpel  cut  the  seed  in  half,  in  a  longitudinal  plane,  passing  through 
the  center  of  the  embryonic  area.  Study  the  cut  surface  of  one  of 
the  halves  under  the  dissecting  microscope.  Note :  (1)  that  the 
greater  portion  of  the  seed  is  filled  with  the  food  material  (endo¬ 
sperm)  which  shows  a  differentiation  into  the  hard  endosperm  and 
the  soft  endosperm;  (2)  that  the  small  embryo,  which  lies  to  one 
side  and  at  the  small  end  of  the  seed,  is  in  contact  with  the  soft  en¬ 
dosperm  by  the  single  atypical  cotyledon,  or  scutellum,  and 
(3)  that  the  main  growing  region  of  the  embryo,  as  in  the  Bean, 
consists  of  the  hypocotyl  with  the  plumule  at  the  upper  end  and 
the  radicle  pointing  down.  Draw  to  show  the  structures  observed. 

5.  Examine  and  draw  a  germinating  Corn  seed  and  a  series  of 
seedlings  as  in  paragraph  3. 
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ROOT 


1.  Place  a  small  Radish  seedling  on  a  slide  and  examine  it  with 
the  dissecting  microscope.  Note  particularly  the  root  with  the 
definite  area  of  root  hairs.  Draw  the  entire  seedling. 

2.  With  a  sharp  scalpel,  carefully  cut  off  the  tip  of  the  root  at  a 
point  just  above  the  root  hair  zone  and  make  a  temporary  mount 
of  it.  Be  sure  that  sufficient  water  is  placed  under  the  cover  glass 
so  that  the  piece  of  root  is  entirely  surrounded.  Examine  the  prepa¬ 
ration  under  the  low  power.  Note  the  root  hairs,  growing 
point,  and  root  cap.  Make  a  drawing  to  show  these  structures. 

3.  Stain  the  preparation  you  have  been  studying  with  a  drop 
of  iodin.  This  treatment  should  differentiate  the  cytoplasm  and 
nuclei  of  the  root  hair  cells.  When  observed,  add  them  to  your 
drawing  in  paragraph  2. 

4.  Secure  a  transverse  section  through  the  root  hair  zone  of  a 
young  Corn  root,  mount  and  examine  the  preparation  under  the 
low  power.  Note :  (1)  in  the  center  of  the  section  the  compact, 
circular  central  cylinder  (stele)  ;  (2)  tying  next  to  this,  a  second 
cylinder  (cortex)  composed  of  several  layers  of  larger  cells,  and 
(3)  the  outer  cylinder  (epidermis)  composed  of  a  single  layer  of 
elongated  cells,  many  of  which  show  a  definite  projection  of  the 
outer  wall  to  form  the  long,  filamentous  root  hairs.  Make  a  draw¬ 
ing  to  show  the  structure  as  observed. 
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STEM 


1.  Examine,  with  the  low  and  with  the  high  power,  a  permanently- 
mounted  transverse  section  of  a  dicotyledonous  stem,  such  as 
Aristolochia.  Note  that  it  is  composed  of  three  cylinders,  namely  : 

(1)  An  outer  cylinder  (epidermis)  consisting  of  a  single  layer  of 
rectangular  cells  with  thickened  outer  edges. 

(2)  A  middle  cylinder  (cortex)  which  is  divided  into  (a)  a 
strengthening  layer  (collenchyma)  next  to  the  epidermis  and 
(6)  the  chlorophyll-bearing  layer  (chlorenchyma)  .  The  cells 
of  the  innermost  layer  of  the  chlorenchyma  are  larger,  contain 
starch,  and  comprise  the  starch  sheath. 

(3)  The  highly  differentiated  central  cylinder  (stele)  consists 
on  the  outside  of  (a)  several  layers  of  cells  with  thickened  walls, 
which  form  a  definite  ring  of  strengthening  tissue  (sclerenchyma) 
just  interior  to  the  starch  sheath  of  the  cortex ;  (6)  the  vascular 
bundles,  composed  of  the  inner  xylem  portion  with  large  ducts, 
and  the  outer  phloem  portion.  The  xylem  and  phloem  are  sepa¬ 
rated  by  the  actively-growing  meristem  cells  of  the  cambium  which, 
in  the  dicotyledonous  stem,  forms  a  ring  of  tissue  around  the  stem 
and  thus  connects  the  vascular  bundles,  and,  finally,  (c)  the  pith, 
comprising  undifferentiated  cells  which  occupy  a  considerable  area 
in  the  center  of  the  stem. 

Draw  the  entire  section  in  outline,  and  then  carefully  fill  in  a 
quadrant  to  show  the  structure  as  observed. 

2.  Examine  a  piece  of  the  young  stem  of  an  Oak  which  has  been 
sawed  so  as  to  show  transverse,  longitudinal,  and  tangential  sec¬ 
tions.  Identify  and  make  a  drawing  to  show  the  following  struc¬ 
tures  :  (1)  the  bark  ;  (2)  the  cambium  ring  ;  (3)  rings  of  annual 
GROWTH  ;  (4)  MEDULLARY  RAYS,  and  (5)  PITH. 
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BUD 


1.  Examine,  with  the  low  power,  a  prepared,1  median,  longi¬ 
tudinal  section  of  the  unprotected  bud  of  Elodea.  Note  that  it 
consists  of  (1)  the  central  stalk,  or  rudimentary  stem,  and,  branch¬ 
ing  from  it,  (2)  the  rudimentary  leaves  in  various  stages  of  devel¬ 
opment.  The  diameter  of  the  rudimentary  stem  is  larger  in  the 
older  portions  of  the  bud  and  it  gradually  decreases  until  it  termi¬ 
nates  in  (3)  the  growing  point  which  is  composed  of  the  rapidly- 
dividing,  embryonic  cells  (meristem  tissue). 

2.  Note  that  the  leaves  develop  in  a  regular  order  in  the  bud,  the 
youngest  leaves  being  nearest  the  growing  point.  In  the  early  stage 
they  consist  of  only  a  few  cells  and  form  small  mounds  on  the  sur¬ 
face  of  the  stem.  The  older  leaves  overarch  the  growing  point  and 
form  a  protection  for  it.  Make  a  drawing  to  show  all  structures 
observed. 

3.  Examine,  with  the  naked  eye  and  also  with  the  dissecting 
microscope,  the  protected  bud  of  the  Lilac.  It  consists  of  the  same 
parts  as  the  naked  bud  of  Elodea,  but,  for  protection  during  the 
winter,  the  outer  leaves  of  the  bud  (scale  leaves)  are  differentiated 
from  the  inner  leaves  (foliage  leaves).  Make  a  slightly  enlarged 
drawing  of  the  entire  bud  to  show  the  external  structure. 

4.  Carefully  remove  one  by  one  the  leaves  of  the  bud,  both  scale 
and  foliage,  and  arrange  them  in  regular  order.  Note  the  transi¬ 
tion  from  the  scale  leaf  to  foliage  leaf.  Draw  a  number  of  the 
leaves  to  show  the  transition  between  the  two  types  as  observed. 

5.  Take  another  Lilac  bud  and  cut  it  transversely  into  halves. 
Examine  the  cut  surface  of  one  of  the  halves  with  the  dissecting 
microscope  and  note  the  arrangement  (vernation)  of  the  young 
leaves  in  the  bud.  Draw  to  show  the  structure  observed. 

1  If  a  prepared  slide  is  not  available,  a  satisfactory  fresh  preparation  can 
be  made  by  carefully  dissecting  a  bud  under  a  dissecting  microscope. 
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LEAF 


1.  Examine  a  leaf  of  a  monocotyledonous  plant  ( e.g .,  Corn). 
Note  the  longitudinal  parallel  veins.  Make  a  drawing  of  the 
upper  surface. 

2.  Examine  a  leaf  of  a  dicotyledonous  plant  (e.g.,  Rose). 
Note :  (1)  the  leaf  stalk  (petiole)  ;  (2)  the  leaf  blade  (lamina) 
with  (3)  the  prominent  midrib,  and  (4)  the  net-like  arrangement 
of  the  smaller  veins.  Make  a  drawing  of  the  upper  surface. 

3.  With  the  point  of  a  scalpel  remove  a  small  portion  of  the 
outer  covering  (epidermis)  from  the  under  surface  of  a  leaf.  Mount 
and  study  with  the  low  power.  Note :  (1)  the  epidermal  cells  and, 
among  them,  (2)  the  openings  into  the  leaf  (stomata)  through  which 
the  interchange  of  gases  takes  place.  Each  stoma  is  enclosed  by 
(3)  two  specialized  epidermal  cells  (guard  cells).  Make  a  draw¬ 
ing  of  the  epidermis  to  show  the  structures  observed. 

4.  Examine,  with  the  low  power,  a  prepared  transverse  section 

of  a  Rose  leaf.  Select  a  portion  of  the  leaf  to  one  side  of  the  mid¬ 
rib  and  study  with  high  power.  Note  :  (1)  the  upper  layer  of  large, 
irregularly-shaped  cells  (upper  epidermis),  below  which  can  be 
seen  two  rows  of  (2)  smaller  cells  (palisade  cells)  oriented  with 
their  long  axes  at  right  angles  to  the  upper  epidermis.  Below  these 
is  (3)  an  area  in  which  the  cells  are  not  so  definitely  arranged 
(spongy  chlorenchyma)  and  in  which  (4)  intercellular  spaces 
(lacunae)  are  present.  The  lacunae  open  to  the  exterior  through 
the  stomata.  The  palisade  cells  and  the  spongy  chlorenchyma 
together  comprise  (5)  the  chlorenchyma.  The  cells  of  the  chlor¬ 
enchyma  contain  (6)  the  chlorophyll-bearing  bodies  (chloroplas- 
tids)  .  (7)  The  vascular  tissue  of  the  veins  appears,  in  transverse 

section,  as  more  or  less  circular  groups  of  irregular,  lightly-stained 
cells  embedded  in  the  spongy  chlorenchyma.  (8)-  The  under 
surface  of  the  leaf  is  covered  with  a  layer  of  epidermal  cells  (lower 
epidermis)  similar  to  the  upper  surface,  but  more  stomata  are 
present.  Make  a  drawing  of  the  section  to  show  the  structures 
observed. 
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FLOWER 


1.  Examine  the  flower  provided  and  note  that  it  is  composed 
of  whorls  of  modified  leaves  attached  to  a  slightly  enlarged  portion 
(receptacle)  of  the  stalk  as  follows :  (1)  The  outermost  whorl 
(calyx)  consists  of  a  number  of  leaf -like  structures  (sepals).  The 
sepals  form  the  outer  covering  of  a  flower  bud.  They  are  fre¬ 
quently  green  in  color,  and  the  basal  portions  are  often  united  to 
form  a  tube.  (2)  The  next  whorl  (corolla)  consists  of  petals. 
These  may  be  of  various  colors  and,  in  some  flowers,  are  united 
to  form  a  tube.  The  calyx  and  corolla  together  constitute  the  peri¬ 
anth,  and  are  the  accessory  parts  of  the  flower  as  distinguished 
from  the  essential  parts  which  they  enclose.  These  latter  con¬ 
sist  of  (3)  a  whorl  of  stamens  and  (4)  the  central  pistil.  Make  an 
enlarged  drawing  of  a  longitudinal  section  of  the  flower  to  show 
the  relations  of  the  parts  as  observed. 

2.  Carefully  detach  one  of  the  stamens,  place  it  on  a  slide,  and 
study  with  the  dissecting  microscope.  Note  that  it  consists  of 
(1)  a  stalk  (filament)  and  (2)  bead  (anther).  The  latter  contains 
(3)  the  tiny  pollen  grains,  or  microspores,  enclosed  in  pollen 
sacs,  or  microsporangia.  Make  a  drawing  to  show  the  structure 
as  observed. 

3.  Place  some  of  the  pollen  grains  on  a  slide  and  study  them 
with  the  compound  microscope.  Draw. 

4.  Mount  some  pollen  grains  which  have  germinated  and  formed 
the  pollen  tube  (male  gametophyte).  Study  under  the  high 
power  and  make  a  drawing. 

5.  Remove  the  calyx,  corolla,  and  stamens  from  your  specimen. 
Examine  the  pistil  with  the  dissecting  microscope.  Note  that  it 
consists  of  (1)  an  enlarged  basal  portion  (ovule  case)  from  which 
projects  (2)  a  stalk  (style).  The  style  terminates  in  (3)  an  en¬ 
larged  portion  (stigma)  which  secretes  a  sticky  substance  to  which 
the  pollen  may  adhere.  Draw  to  show  the  structures  observed. 

6.  Cut  the  ovule  case  transversely  in  half.  Examine  the  cut 
surface  of  one  of  the  halves  with  the  dissecting  microscope.  Make 
a  drawing  to  show  the  cavities  containing  the  immature  seeds 
(developed  ovules)  and  the  attachment  of  the  latter  to  the 

PLACENTA. 
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FRUIT 


1.  Examine  a  small  partially  developed  Apple.  Identify  the 
stem  end  and  the  flower  end.  Note  that  the  fruity  portion  of  the 
Apple,  which  is  a  typical  example  of  the  pome  type  of  fruits,  is  de¬ 
veloping  from  the  enlarged  receptacle  at  the  tip  of  the  stem. 

2.  With  the  scalpel,  cut  the  specimen  in  half  transversely. 
Examine  the  flower  end,  and  also  the  cut  surfaces  under  the  dissect¬ 
ing  microscope.  Identify,  and  ascertain  the  number  of  sepals, 
petals,  stamens,  carpels  in  the  compound  pistil,  and  developing 
seeds.  Make  a  drawing  of  the  flower  end  of  the  Apple  to  show  the 
general  structure. 

3.  Cut  a  mature  Apple  exactly  in  half  longitudinally.  Examine 
a  cut  surface.  Note  that  the  flesh  is  divided  into  a  large,  outer 
fruity  portion,  all  of  which  develops  from  the  walls  of  the  recepta¬ 
cle,  and  the  small,  inner  portion(coRE),  containing  the  seeds,  which 
develops  from  the  walls  of  the  ovule  case.  Make  a  drawing  of  a 
cut  surface  to  show  the  general  relations  as  observed. 

4.  Take  out  one  or  two  of  the  seeds,  noting  their  attachment  at 
one  end  to  the  placenta.  Remove  the  hard  seed  coat,  thus  expos¬ 
ing  the  embryo  which  is  essentially  similar  in  structure  to  that 
previously  studied  in  the  Bean  seed. 


309 


310 


HYDRA 


1.  Examine,  with  the  dissecting  microscope,  a  living  Hydra  in 
a  watch  glass  containing  water.  Observe  the  animal  both  when 
expanded  and  when  contracted.  Touch  the  expanded  animal 
with  a  dissecting  needle  and  observe  the  rapidity  of  contraction. 

2.  Examine  the  animal  in  the  watch  glass  as  before,  with  the 
low  power  of  the  compound  microscope.  Note  (1)  the  body,  which 
resembles  an  elastic  tube,  and  is  attached  at  one  end  by  (2)  the  foot. 
(3)  At  the  opposite  end  (hypostome)  of  the  body  there  is  (4)  a 
central  opening  (mouth)  which  is  surrounded  by  (5)  a  circlet  of 
tentacles.  Note  the  number  of  tentacles  your  specimen  possesses 
and  compare  with  others  at  your  table. 

3.  Focus  on  the  cellular  body  wall  and  note  that  it  is  composed 
of  (1)  the  outer  layer  (ectoderm)  and  (2)  an  inner  layer  (endoderm) 
which  surrounds  (3)  a  large  central  cavity  (enteric  cavity)  into 
which  the  mouth  opens.  Focus  on  one  of  the  tentacles  and  note 
that  it  is  also  composed  of  ectoderm  and  endoderm,  and  that  the 
enteric  cavity  continues  throughout  its  length.  Note  the  batteries 
of  stinging  cells  (nematocysts)  embedded  in  the  ectoderm  of  the 
tentacles. 

4.  Hydra  commonly  reproduces  asexually  by  budding.  Ex¬ 
amine  your  specimen  and  see  if  any  buds  are  present.  At  certain 
seasons  of  the  year  it  also  reproduces  sexually.  At  such  times  the 
male  gonads  (testes),  which  produce  the  sperm,  develop  as  swell¬ 
ings  in  the  body  wall  just  below  the  tentacles  and  the  female  gonads 
(ovaries),  which  produce  the  eggs,  develop  nearer  the  foot. 

5.  Make  (1)  a  detailed  drawing  of  an  expanded  animal,  showing 
all  the  parts  observed  above,  and  (2)  an  outline  drawing  of  a  con¬ 
tracted  animal. 

6.  Examine,  with  the  low  and  with  the  high  power,  a  prepared 
transverse  section  through  the  body  of  Hydra.  Note :  (1)  the 
outer  layer  of  ectoderm  and  (2)  the  inner  layer  of  endoderm,  both 
of  which  are  composed  of  a  great  number  of  cells  and  are  separated 
from  each  other  by  (3)  a  thin,  non-cellular  layer  (mesogloea). 
These  layers  surround  (4)  the  central  enteric  cavity.  Draw  the 
section  as  observed. 
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OBELIA 


ASEXUAL  STAGE 

1.  Examine,  with  the  dissecting  microscope,  a  specimen  of 
Obelia  which  has  been  stained  and  mounted.  Note  the  general 
form  of  the  colony. 

2.  Study  the  preparation  with  the  low  power  of  the  compound 
microscope.  Note :  (1)  the  upright  stalk  (hydrocaulus)  with 
the  side  branches,  each  of  which  bears  either  (2)  a  hydra-like  nu¬ 
tritive  zooid  (hydranth)  or  (3)  a  club-shaped  reproductive  zooid 
(gonangium).  The  stalk  is  composed  of  (4)  an  inner,  deeply  stain¬ 
ing  portion  (coenosarc),  which  is  a  continuation  of  the  same  ma¬ 
terial  in  each  zooid,  and  (5)  an  outer,  transparent  exoskeletal  sheath 
(perisarc)  which  encloses  all  parts  of  the  colony.  Note  that  the 
perisarc  expands  into  (6)  a  cup-shaped  structure  (hydrotheca) 
surrounding  each  hydranth  and  into  (7)  a  longer,  urn-shaped  struc¬ 
ture  (gonotheca)  which  encloses  each  gonangium.  Observe  the 
constrictions  in  the  perisarc  below  each  zooid. 

3.  Study  a  hydranth  and  note :  (1)  the  body  wall  composed  of 
an  outer  layer  of  ectoderm  and  an  inner  layer  of  endoderm,  both  of 
which  are  continuous  with  the  coenosarc  in  the  stalk ;  (2)  the  cen¬ 
tral  enteric  cavity,  and  (3)  the  tentacles  which  surround  (4)  the 
mouth. 

4.  Study  a  gonangium  and  note  that  the  club-shaped  stalk 
(blastostyle)  which,  as  in  a  hydranth,  is  continuous  with  the 
coenosarc,  bears  numerous  medusa  buds.  Note  the  opening  at 
the  tip  of  the  gonotheca  through  which  the  mature  medusa  buds 
escape  as  free-living  animals. 

5.  Make  a  large  drawing  of  an  Obelia  colony  showing  the  struc¬ 
tures  observed. 
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GONIONEMUS 


1.  Examine  with  the  naked  eye,  in  a  watch  glass  containing 
water,  a  preserved  jelly  fish  of  the  hydrozoan  type  (e.g.,  Gonione- 
mus).  Note  the  gelatinous  consistency  of  the  body  and  the  um¬ 
brella,  or  bell,  shape.  The  upper  convex  surface  is  called  the 
aboral,  or  exumbrella,  and  the  lower  concave  surface  is 
called  the  oral,  or  subumbrella. 

2.  Study  the  oral  surface  of  the  specimen  with  a  dissecting  mi¬ 
croscope.  Note :  (1)  the  tentacles  attached  near  the  periphery, 
each  with  an  adhesive  pad  near  its  tip ;  (2)  the  perforated,  circular 
diaphragm  (velum)  attached  below  the  tentacles ;  (3)  the  central 
structure  (manubrium)  suspended  from  the  top  of  the  bell  and  made 
up  of  (4)  the  wide-lipped  mouth,  which  opens  into  (5)  the  enteric 
cavity. 

3.  Radiating  from  the  base  of  the  manubrium  are  (6)  the  four 
radial  canals  bearing  (7)  the  reproductive  glands  (gonads). 
The  radial  canals  lead  to  the  periphery  of  the  disc  where  they  con¬ 
nect  with  (8)  the  circular  canal,  which  encircles  the  periphery 
near  where  the  tentacles  are  attached.  Note  also  (9)  the  sense 
organs  which  are  located  about  the  margin  of  the  bell  at  the  base 
of  each  tentacle  and  also  between  the  bases  of  some  of  the  tentacles. 

4.  Make  (1)  a  drawing  of  the  specimen  from  the  oral  surface,  and 
(2)  from  the  side,  to  show  the  structures  observed. 
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EXTERNAL  ANATOMY  OF  THE 
EARTHWORM 

1.  Examine  an  Earthworm  and  note  the  long,  tubular  body  made 
up  of  a  large  number  of  segments  (metameres).  Identify  the  an¬ 
terior,  posterior,  dorsal,  and  ventral  regions  of  the  body.  Count 
the  segments  of  your  specimen  and  compare  the  number  with  others 
at  your  table.  Note :  (1)  the  mouth,  which  is  situated  at  the  an¬ 
terior  end  of  the  body  below  the  projecting  lobe  (prostomium)  ; 
(2)  the  anus  situated  at  the  posterior  end  of  the  body,  where  it  can 
be  seen  as  a  vertical  slit  in  the  last  segment,  and  (3)  the  swollen 
region  (clitellum)  lying  in  the  region  between  segments  28  and  35. 

2.  With  one  hand  take  hold  of  the  anterior  end  of  the  Earth¬ 
worm  and  draw  the  body  through  the  fingers  of  your  other  hand. 
The  rough  feeling  is  due  to  the  presence  of  bristles  (setae)  which 
project  through  the  body  wall.  Ascertain  the  arrangement  of  the 
setae  and  the  number  present  on  each  segment. 

3.  Examine  your  specimen  with  the  dissecting  microscope  and 
find  the  following  openings :  (1)  openings  of  the  sperm  ducts  in 
the  swellings  on  the  ventral  surface  of  segment  15;  (2)  openings 
of  the  oviducts  just  lateral  to  the  inner  double  row  of  setae  in  seg¬ 
ment  14 ;  (3)  openings  of  the  seminal  receptacles  in  the  grooves 
between  segments  9  and  10,  and  10  and  11,  on  a  line  with  the  outer¬ 
most  row  of  setae ;  (4)  openings  of  the  nephridia  just  lateral  and 
anterior  to  the  setae  of  the  inner  row  on  either  side  of  each  segment ; 
(5)  openings  of  the  dorsal  pores  on  the  anterior  end  of  each  seg¬ 
ment  in  the  median  dorsal  line. 

4.  Make  (1)  a  drawing,  twice  natural  size,  of  the  anterior  forty 
segments  of  the  body  from  the  ventral  surface,  and  (2)  a  drawing, 
at  the  same  magnification,  of  the  posterior  ten  segments  of  the  body 
from  the  dorsal  surface  to  show  the  structure  as  observed. 
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INTERNAL  ANATOMY  OF  THE 
EARTHWORM  (1) 


1.  Place  a  preserved  Earthworm,  dorsal  surface  up,  in  a  dissect¬ 
ing  pan  and  fasten  it  with  one  pin  through  the  prostomium  at  the 
anterior  end  of  the  body,  and  another  through  the  posterior  end  of 
the  body.  With  fine  scissors  cut  very  carefully  through  the  body 
wall  in  the  median  dorsal  line,  beginning  just  posterior  to  the  clitel- 
lum.  Extend  the  cut  to  the  anterior  end  of  the  animal,  be¬ 
ing  careful  to  cut  only  through  the  body  wall  so  as  not  to  injure  the 
intestine  just  below.  Beginning  at  the  posterior  end  of  the  cut, 
spread  the  cut  edges  by  carefully  cutting  away  the  segmental  par¬ 
titions  (septa),  which  attach  the  body  wall  to  the  alimentary  canal. 
Fasten  the  cut  edges  of  the  body  wall  to  the  parafine  with  pins. 
Slant  the  pins  so  as  not  to  interfere  with  your  study  of  the  specimen. 

2.  Examine  the  specimen  and  note :  (1)  the  rather  thick  body 
wall  consisting  for  the  most  part  of  muscular  tissue ;  (2)  the  body 
cavity  (coelom)  which  is  divided  into  a  linear  series  of  chambers 
by  the  septa;  (3)  the  alimentary  canal  running  the  length  of 
the  body  through  the  coelom  as  a  straight  tube,  and  (4)  the  dor¬ 
sal  blood  vessel,  generally  full  of  coagulated  blood,  which  runs 
along  the  top  of  the  alimentary  canal.  It  gives  off  (a)  small  seg¬ 
mental  branches  which  run  to  the  body  wall  and  alimentary  canal, 
and  ( b )  at  the  anterior  end,  in  segments  7  to  11,  five  pairs  of  contrac¬ 
tile,  thick- walled  vessels  (aortic  loops).  The  latter  pass  around 
the  digestive  tract  and  unite  below  with  the  ventral  blood  vessel. 

3.  Examine  the  alimentary  canal  and  note  that  it  consists  of 
the  following  parts :  (1)  the  mouth  which  opens  just  below  the  over¬ 
hanging  prostomium ;  (2)  the  thick,  muscular  pharynx  extending 
back  to  segment  6  and  attached  to  body  wall  by  many  fine  muscles ; 
(3)  the  thin-walled  oesophagus,  largely  obscured  by  (4)  the  over- 
lying  reproductive  organs  extending  between  segments  7  and 
14 ;  (5)  the  crop  at  about  segment  14 ;  (6)  the  thick-walled,  mus¬ 
cular  gizzard  at  about  segment  18 ;  (7)  the  intestine  extending 
from  the  gizzard  to  (8)  the  anus  at  the  extreme  posterior  end  of 
the  body. 

4.  Make  a  drawing,  twice  natural  size,  to  show  these  struc¬ 
tures  as  observed,  being  careful  that  each  organ  is  drawn  correctly 
with  reference  to  the  segments. 
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INTERNAL  ANATOMY  OF  THE 
EARTHWORM  (2) 

1.  Fasten  the  specimen,  which  you  worked  on  the  last  time,  in  a 
dissecting  pan  as  before.  Make  a  transverse  cut  through  the  ali¬ 
mentary  canal  a  few  segments  posterior  to  the  gizzard.  Gently 
move  the  cut  ends  slightly  to  one  side  and  find  the  white-colored 
nerve  cord  lying  directly  below  in  the  median  line.  Carefully  re¬ 
move  the  portion  of  the  alimentary  canal,  lying  anterior  to  the  cut 
just  made,  as  far  as  the  pharynx,  but  in  so  doing  be  sure  first  to  cut 
all  the  septa  which  hold  it,  so  as  not  to  disturb  the  underlying  nerve 
cord. 

2.  Trace  the  nerve  cord  to  the  anterior  end  of  the  pharynx,  where 
it  divides  to  form  a  nerve  collar  (circumpharyngeal  connectives) 
which  encircles  the  anterior  end  of  the  pharynx.  Examine  the  dor¬ 
sal  surface  of  the  nerve  collar  under  the  dissecting  microscope  and 
note  the  bilobed  swelling  (cerebral  ganglion)  which  constitutes 
the  brain  of  the  animal.  If  the  dissection  has  been  carefully  made, 
nerves  can  be  seen  running  from  the  cerebral  ganglion  to  the  extreme 
anterior  end  of  the  body. 

3.  Examine  the  exposed  portion  of  the  nerve  cord  with  the  dis¬ 
secting  microscope  and  note  that,  in  each  segment,  it  expands  to 
form  a  definite  enlargement  (ganglion)  from  which  two  pairs  of 
lateral  nerves  arise.  Anterior  to  the  ganglion  in  each  segment, 
find  another  smaller  pair  of  nerves.  All  these  nerves  can  be  traced 
into  the  muscles  of  the  body  wall. 

4.  Continue  your  examination  with  the  dissecting  microscope 
and  note,  in  each  segment,  lying  close  to  the  body  wall  on  each 
side  of  the  nerve  cord,  a  tiny,  greatly-coiled,  tubular  structure 
(nephridium)  which  is  an  important  excretory  organ.  Note  also 
the  glistening,  white  longitudinal  muscle  tissue  of  the  body  wall. 

5.  Make  an  enlarged  drawing  of  the  anterior  end  of  the  Earth¬ 
worm  to  show  the  structures  as  observed. 
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BODY  PLAN  OF  THE  EARTHWORM 


1.  Examine,  with  the  low  and  high  power,  a  prepared  transverse 
section  through  the  body  of  an  Earthworm.  Draw  the  section 
in  outline,  about  four  inches  in  diameter,  and  then  fill  in  a  quad¬ 
rant  to  show  the  general  structure  as  follows : 

(1)  Body  Wall,  which  consists  of :  (a)  a  very  thin,  transpar¬ 
ent  outer  membrane  (cuticle)  ;  ( b )  a  layer  of  elongated,  epidermal 
cells  (epidermis)  ;  (c)  a  layer  of  circular  muscles  and  ( d )  a  thicker 
layer  of  longitudinal  muscles,  which  together  comprise  most 
of  the  body  wall,  and  (e)  a  very  thin  layer  of  peritoneal  epithe¬ 
lium,  lining  the  coelom. 

(2)  Alimentary  Canal,  which  appears  in  a  transverse  section 
as  a  ring  of  tissue  with  a  dorsal  thickening  and  infolding  (typhlo- 
sole).  The  wall  of  the  canal  consists  of  (a)  an  outer  layer  of 
rounded  gland  cells  (chloragogue  layer)  which  also  fill  the  cavity 
of  the  typhlosole ;  (6)  a  muscular  layer  with  both  circular  and  longi¬ 
tudinal  fibers;  (c)  a  vascular  layer  with  many  tiny  blood  vessels, 
and  ( d )  a  layer  of  ciliated,  elongated  cells  (lining  epithelium) 
which  form  the  inner  lining  of  the  tract  and  are  the  essential  agents 
in  the  digestion  and  absorption  of  food.  A  section  through  the 
dorsal  and  through  the  ventral  blood  vessels  can  be  noted,  lying 
above  and  below  the  digestive  tract  respectively. 

(3)  Nerve  Cord,  which  consists  of  two  distinct  structures,  the 
outer  envelope,  or  sheath,  and  the  inner  nervous  portion.  The 
sheath  consists  of  a  thin,  outer  epithelial  layer  which  encloses  a 
thicker  muscular  layer.  Embedded  in  the  muscular  layer,  dorsally, 
are  the  three  giant  fibers,  which  run  the  length  of  the  cord,  and, 
ventrally,  the  subneural  blood  vessel.  The  nervous  portion  of 
the  cord  within  the  sheath  is  bilobed  and  contains  nerve  cells  and 
fibers.  If  the  section  happens  to  be  through  the  region  of  a  gan¬ 
glion  a  pair  of  the  lateral  nerves  may  be  seen. 
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EXTERNAL  ANATOMY  OF  THE 
CRAYFISH  (1) 


1.  Examine  a  preserved  Crayfish  and  note  that  the  body,  which 
is  entirely  covered  with  a  chitinous  exoskeleton,  consists  of  a  rigid 
anterior  portion  (cephalothorax)  and  a  jointed,  flexible,  posterior 
portion  (abdomen). 

2.  The  portion  of  the  exoskeleton  covering  the  cephalothorax 
is  known  as  the  carapace.  The  latter  ends  anteriorly  in  a  dorsal 
projection  (rostrum).  Examine  the  carapace  and  note  the  inden¬ 
tation  (cervical  groove)  in  the  exoskeleton  which  marks  the  divi¬ 
sion  between  the  head  and  thorax.  Note:  (1)  the  short  anten- 
nules;  (2)  the  long  antennae  with  the  opening  of  (3)  a  green 
gland,  or  kidney,  on  the  basal  joint  of  each ;  (4)  the  ‘stalked 
eyes,  and  (5)  the  ventral  mouth  concealed  by  appendages. 

3.  The  abdomen  consists  of  six  similar  segments  and,  at  the 
posterior  end,  a  median  structure  (telson)  which  is  generally  re¬ 
garded  as  a  seventh  abdominal  segment.  Note  the  anal  opening 
on  the  ventral  surface  of  the  telson.  Examine  the  abdominal  seg¬ 
ments  and  note  how  they  are  joined  together  so  as  to  permit 
movement.  Attached  to  most  of  the  abdominal  segments  is  a  pair 
of  typical  biramous  appendages.  In  the  male,  the  first  two  pairs 
of  abdominal  appendages  are  modified  and  enlarged  for  the  trans¬ 
fer  of  sperm,  while  in  the  female  the  first  pair  is  greatly  reduced. 
In  the  female,  there  is  also  a  cavity  (seminal  receptacle)  in 
the  mid-ventral  line  between  the  fourth  and  fifth  walking  legs. 
Determine  the  sex  of  your  specimen. 

4.  Examine  the  exoskeleton  of  a  detached  abdominal  segment 
and  note :  (1)  the  dorsal,  arched  portion  (tergum)  ;  (2)  the  ven¬ 
tral,  calcified  bar  (sternum)  with  the  soft  cuticle  on  each  side 
which  permits  movement,  and  (3)  the  downwardly  projecting, 
lateral  portions  (pleura).  Examine  the  paired,  biramous  append¬ 
ages  and  note :  (4)  the  basal  portion  (protopodite)  which  is 
attached  to  the  body  and  bears  (5)  two  jointed  branches  (exopodite 
and  endopodite). 

5.  Make  (1)  a  drawing  of  the  entire  animal  from  the  left  side 
and  (2)  a  drawing  of  a  detached  abdominal  segment  from  one  end. 
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EXTERNAL  ANATOMY  OF  THE 
CRAYFISH  (2) 


1.  Carefully  cut  off  a  portion  of  the  carapace  from  the  left  side 
of  your  specimen,  thus  exposing  the  branchial  chamber  contain¬ 
ing  the  gills.  Then  lay  the  animal  on  its  right  side  under  water. 
Note  the  feathery  character  of  the  gills  and  their  attachment  either 
to  the  appendages  or  to  membranes  present  at  the  base  of  the  append¬ 
ages.  Find  the  modified,  paddle-shaped  portion  (scaphogna- 
thite)  of  the  second  maxilla,  which  lies  in  the  anterior  end  of  the 
branchial  chamber  and,  by  its  movements,  keeps  a  current  of  water 
bathing  the  gills. 

2.  Carefully  examine  and  identify  all  of  the  appendages,  using 
your  textbooks.  Then,  beginning  at  the  posterior  end  of  the  body, 
carefully  remove  all  the  appendages  one  by  one  from  the  left  side 
of  the  animal  and  pin  each  one  in  a  dissecting  pan  in  its  proper 
order  and  position.  In  removing  them,  be  sure  to  get  the  whole  of 
each  appendage,  including  the  gills  when  present.  The  small 
appendages  around  the  mouth  must  be  handled  very  carefully  with 
fine  forceps.  (W.  f.  72.) 

3.  Study  and  make  a  drawing  of  the  following  appendages: 
(1)  ANTENNA  ;  (2)  SECOND  MAXILLA  ;  (3)  THIRD  MAXILLIPED  J  (4)  FIRST 
and  second  walking  legs,  and  (5)  third  and  sixth  abdominal. 
Identify  and  label  the  homologous  parts  in  each. 
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EXTERNAL  ANATOMY  OF  THE 
HONEY  BEE  (1) 

1.  Examine  a  freshly  killed  or  preserved  Honey  Bee  of  the  worker 
type  and  note  that  the  body  is  divided  into  head,  thorax,  and  abdo¬ 
men.  Study  the  specimen  with  the  dissecting  microscope.  On 
the  head  note  the  jointed  antennae  which  project  from  the  ante¬ 
rior  surface ;  the  large  compound  eyes,  and  the  mouth  parts.  Ob¬ 
serve  that  the  thorax  is  composed  of  three  segments,  each  of  which 
bears  a  pair  of  jointed  legs.  The  second  and  third  thoracic  seg¬ 
ments  also  bear  a  pair  of  wings.  Observe  that  the  abdomen,  is 
composed  of  six  visible  segments.  The  exoskeleton  of  each  of  these 
segments  is  made  up  of  the  dorsal  tergum  and  the  ventral  ster¬ 
num.  At  the  posterior  end  of  the  abdomen  is  the  anus  and 
the  opening  for  the  sexual  organs.  Make  an  enlarged  drawing  of 
the  animal  from  the  left  side  to  show  the  structures  observed. 

2.  Remove  the  head,  place  it  on  a  slide,  and  study  the  anterior 
surface  under  the  dissecting  microscope.  Note :  (1)  the  large, 
compound  eyes,  which  project  from  either  side  of  the  head ;  (2)  the 
small,  simple  eyes  (ocelli)  in  the  center  and  almost  on  top  of 
the  head ;  (3)  the  pair  of  jointed  antennae  and  just  below  them  on 
the  anterior  surface,  (4)  a  median,  dome-shaped  structure  (clypeus) 
to  which  is  attached  (5)  the  upper  lip  (labrum).  As  seen  from 
the  anterior  surface  the  chief  mouth  parts  consist  of  (6)  a  long, 
median  tongue  (hypopharynx)  ;  (7)  a  pair  of  labial  palps,  one 
on  each  side  of  the  tongue ;  (8)  a  pair  of  wider,  projecting  maxillae, 
lateral  to  the  palps,  and  (9)  a  pair  of  mandibles,  attached  one  near 
either  end  of  the  labrum.  The  mandibles  are  generally  closed,  in 
which  position  they  obscure  the  underlying  labrum.  Make  an 
enlarged  drawing  of  the  head  from  the  anterior  surface  to  show 
the  structures  observed. 
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EXTERNAL  ANATOMY  OF  THE 
HONEY  BEE  (2) 

1.  With  fine  forceps,  carefully  remove  the  left  prothoracic 
leg,  being  sure  that  you  secure  all  the  joints.  Mount  and  examine 
it  with  the  dissecting  microscope  and  also  with  the  low  power  of 
the  compound  microscope.  Note  that  it  is  composed  of  five  joints 
which,  beginning  with  the  one  attached  to  the  body,  are  designated 
as  follows :  (1)  coxa  ;  (2)  trochanter  ;  (3)  femur  ;  (4)  tibia,  and 
(5)  the  five-jointed  tarsus.  Note :  (6)  the  feathery  branched 
hairs,  for  gathering  pollen,  which  are  present  on  all  the  joints 
except  the  tarsus;  (7)  the  pollen  brush  and  (8)  the  flattened 
spine  (velum)  on  the  tibia ;  (9)  the  circular  antenna  comb  on  the 
first  joint  (metatarsus)  of  the  tarsus,  which  works  with  the  velum 
on  the  tibia  to  form  an  antenna  cleaner;  (10)  the  eye  brush, 
also  on  the  first  joint  of  the  tarsus,  and  (11)  the  foot,  or  terminal 
portion  of  the  tarsus,  which  consists  of  a  fleshy  pad  (pulvillus) 
and  a  pair  of  notched  claws.  Draw  to  show  the  structures  observed. 

2.  Remove,  mount,  and  study  as  before,  the  left  mesothoracic 
leg.  Observe  the  spur  on  the  tibia,  which  is  used  to  clean  the 
wings  and  also  to  pry  out  the  pollen  from  the  pollen  basket  on  the 
metathoracic  legs.  Draw  a  portion  of  the  leg  to  show  this  structure. 

3.  Remove,  mount,  and  study  as  before  the  left  metathoracic 
leg.  Note :  (1)  the  concavity  (pollen  basket)  on  the  outer 
surface  of  the  tibia;  (2)  the  row  of  short,  stiff  spines  (pecten) 
present  on  the  distal  end  of  the  tibia  ;  (3)  a  concave  plate  (auri¬ 
cle)  on  the  first  joint  of  the  tarsus ;  and  (4)  the  pollen  combs, 
also  on  the  first  joint  of  the  tarsus.  Draw  a  portion  of  the  leg 
to  show  these  structures. 

4.  With  fine  forceps  remove  the  last  two  segments  of  the  abdo¬ 
men.  Place  them  on  a  slide  under  the  dissecting  microscope  and, 
with  a  pair  of  needles,  dissect  out  the  sting.  Note  the  following 
parts :  (1)  a  pair  of  barbed  darts,  which  with  the  sheath  form  a 
long,  rigid,  median  structure ;  (2)  a  pair  of  fleshy  sting  feelers, 
one  on  either  side  of  the  darts ;  and  (3)  the  poison  sac  with  attached 
poison  glands.  Draw  to  show  the  structures  observed. 

331 


LIFE  HISTORY  OF  THE  MOTH 


1.  The  life  history  of  the  Moths  and  of  other  Insects  with  com¬ 
plete  metamorphosis,  consists  of  four  stages,  namely,  egg,  larva, 
pupa,  and  adult. 

(1)  Egg.  The  eggs  of  a  Moth  are  generally  laid  on,  and  at¬ 
tached  to,  leaves  which  later  serve  as  food  for  the  larvae.  Ex¬ 
amine,  with  the  dissecting  microscope,  a  preparation  of  a  leaf  with 
the  attached  eggs  and  make  a  drawing. 

(2)  Larva.  Examine  the  segmented,  wormlike,  larval  stage 
(caterpillar)  of  the  Moth  and  make  a  drawing  to  show  the  follow¬ 
ing  structures:  (a)  the  head,  which  appears  as  one  segment  and 
bears  on  its  anterior  surface  tiny,  simple  eyes  (ocelli)  and,  laterally 
on  each  side  of  the  mouth,  a  pair  of  jaws  (mandibles)  ;  ( b )  the 
thorax,  consisting  of  three  segments,  each  of  which  bears  a  pair 
of  small  legs  with  sharp  hooks,  and  (c)  the  abdomen,  consisting  of 
the  posterior  nine  segments,  of  which  five  bear  unjointed  append¬ 
ages,  known  as  prop  legs.  Note  the  openings  (spiracles)  of  the 
tracheal  tubes  on  each  side  of  certain  segments.  Draw  the  ani¬ 
mal  from  the  left  side  to  show  the  structures  observed. 

(3)  Pupa.  Examine  the  silk  cocoon  which  the  animal  spins 
and  in  which  it  encloses  itself  at  the  close  of  the  larval  period. 
Carefully  open  the  cocoon  by  making  a  longitudinal  incision  through 
it  with  the  tips  of  the  scissors,  remove  the  living  pupa,  and  examine 
under  the  dissecting  microscope.  Identify  the  head,  thorax, 
ABDOMEN,  ANTENNA  CASES,  WING  CASES,  and  LEG  CASES.  Make 
drawings  of  (1)  the  cocoon,  and  (2)  the  pupa  from  the  ventral  sur¬ 
face. 

(4)  Adult.  Examine  a  mounted  adult  Moth  from  the  dorsal 
surface.  Identify  (1)  the  head,  with  eyes  and  antennae  ;  (2)  the 
thorax,  with  fore  and  hind  wings,  and  legs,  and  (3)  the  seg¬ 
mented  abdomen.  Make  a  drawing  of  the  dorsal  surface,  showing 
all  structures  possible. 
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CLAM 


1.  The  shell  of  a  Clam  consists  of  right  and  left  halves  (valves) 
which  are  hinged  together  along  the  dorsal  surface.  Concentric 
lines  of  growth  are  visible  on  the  shell  which  radiate  from  a  dor¬ 
sal  portion,  or  umbo,  of  the  shell  where  growth  started.  Draw  the 
external  surface  of  the  left  valve. 

2.  Carefully  remove  the  left  valve  from  your  specimen,  noting 
the  structure  of  the  hinge  and  the  attachments  of  the  anterior 
and  the  posterior  adductor  muscles  to  the  interior  of  the  shell. 
It  is  necessary  to  cut  both  of  these  muscles  before  removing  the 
valve.  Note  that  the  internal  organs  are  enclosed  by  a  membra¬ 
nous  mantle  which  lines  both  valves  of  the  shell.  The  space  be¬ 
tween  the  two  halves  of  the  mantle,  in  which  the  organs  lie,  is  known 
as  the  mantle  cavity.  Turn  back  the  left  half  of  the  mantle, 
cutting  a  little  at  each  end,  and  thus  expose  the  structures  in  the 
mantle  cavity  as  follows  :  (1)  the  large  dorsal  visceral  mass,  from 
which  (2)  the  ventral  muscular  foot  extends ;  (3)  the  delicate, 
striated  gills,  and  (4),  at  the  posterior  end  of  the  mantle,  the 
dorsal  (exhalent)  and  the  ventral  (inhalent)  siphons. 

.  3.  Below  the  anterior  adductor  muscle,  note  the  two  pairs  of 
palps,  between  which  the  mouth  is  situated.  At  the  posterior 
end  of  the  body  find  the  anus,  which  opens  into  the  exhalent  si¬ 
phon,  dorsal  and  slightly  posterior  to  the  posterior  adductor  muscle. 
Trace  the  intestine  anteriorly  from  the  anus  to  the  heart  which 
lies  in  a  median  dorsal  position  enclosed  in  the  thin,  delicate  peri¬ 
cardium.  The  heart  consists  of  a  single  ventricle,  through 
which  the  intestine  passes,  and  two  small,  thin-walled  auricles 
lying  laterally  and  below  and  attached  to  the  pericardium.  The 
auricles  are  easily  destroyed  in  the  dissection. 

4.  Make  an  enlarged  drawing  showing  the  internal  structure 
of  the  Clam  as  observed. 
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EXTERNAL  ANATOMY  OF  THE  FROG 


1.  Examine  a  Frog  and  note :  (1)  the  general  form  of  the  ani¬ 
mal  ;  (2)  the  division  into  head  and  trunk ;  (3)  the  fore,  and  hind, 
limbs ;  (4)  the  opening  of  the  cloaca ;  (5)  the  character  of  the  skin 
(the  microscopic  structure  of  the  skin  is  studied  in  a  later  exercise, 
p.  367) ;  and  (6)  the  difference  in  color  between  the  dorsal  and 
ventral  surfaces. 

2.  Examine  the  head  and  note  the  following  structures :  (1)  the 
large  mouth ;  (2)  the  pair  of  small,  external  openings,  or  nostrils 
(external  nares)  ;  (3)  the  pair  of  circular  ear  drums  (tympanic 
membranes)  ;  (4)  the  protruding  eyes ;  and  (5)  the  tiny  nodule 
(brow  spot)  in  the  skin  between  the  eyes.  Note  how  the  lower 
eyelids  cover  the  eyes  and  how  each  eye  may  be  drawn  into  a 
cavity  (orbit)  in  the  skull  and  thus  protected  from  injury. 

3.  Examine  the  fore  limb  and  identify  the  upper  arm,  forearm, 
and  hand  ;  the  latter  with  wrist  and  digits.  Examine  the  hind 
limb  and  identify  the  thigh,  shank,  and  foot;  the  latter  with 
ankle,  digits,  and  interdigital  web.  Note  the  difference  in 
length  between  the  two  pairs  of  limbs. 

4.  Make  a  drawing  of  the  animal,  showing  as  many  of  the  above 
characters  as  possible. 
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VISCERA  OF  THE  FROG 


1.  Pin  out  a  freshly  chloroformed  Frog,  with  the  ventral  surface 
up,  in  a  dissecting  tray.  With  fine  forceps  lift  up  the  loose  skin 
near  the  posterior  end  of  the  abdomen,  and  then  with  scissors  make 
a  longitudinal  incision,  through  the  skin  only,  just  to  one  side  of 
the  median  line  and  running  from  the  posterior  end  of  the  abdomen 
to  the  throat.  Make  a  transverse  incision  in  the  skin  in  the  pelvic 
region,  and  also  one  just  posterior  to  the  fore  limbs.  Pin  out  the 
flap  of  skin  on  each  side. 

2.  In  the  same  way  make  a  longitudinal  cut  through  the  muscle 
tissue  of  the  body  wall  running  from  the  pelvic  region  to  the  ster¬ 
num.  Cut  through  the  bony  shoulder  girdle  on  each  side  of  the 
sternum,  being  careful  not  to  injure  the  underlying  heart.  Make 
transverse  cuts  as  before  and  pin  the  flap  of  body  wall  on  each  side, 
over  the  flap  of  skin  previously  pinned  out. 

3.  Examine  the  large  coelom  filled  with  the  viscera,  which  you 
have  now  exposed.  It  is  lined  with  a  delicate  membrane  (peri¬ 
toneum)  which  is  continuous  over  each  of  the  organs  in  the  body 
cavity.  It  also  forms  folds  (mesenteries)  by  which  certain  organs 
are  suspended  and  held  in  place.  Identify  and  study  the  following 
structures : 

(1)  The  heart,  at  the  anterior  end  of  the  coelom,  enclosed  in  a 
delicate,  transparent  sac  (pericardium).  Carefully  remove  the 
pericardium.  Watch  the  pulsations  of  the  heart  and  determine 
the  number  per  minute.  Place  your  finger  tip  on  the  heart  while 
it  is  beating  and  note  the  alternate  tension  and  relaxation.  Identify 
(a)  the  single,  thick-walled  posterior  ventricle;  (6)  the  pair  of 
thin-walled  anterior  auricles;  and  (c)  the  conus  arteriosus 
which  leads  anteriorly  from  the  ventricle.  Lift  the  heart  and 
locate,  underneath,  the  sinus  venosus  which  opens  into  the  right 
auricle.  (Continued  on  page  341.) 
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VISCERA  OF  THE  FROG 


(2)  The  lungs,  consisting  of  a  pair  of  thin-walled  vascular  sacs 
which  communicate  to  the  exterior  through  the  glottis  in  the  mouth. 
The  lungs  lie  close  to  the  dorsal  body  wall  on  each  side,  near  the 
heart. 

(3)  The  liver,  consisting  of  three  large,  reddish  brown  lobes 
which  lie  in  a  prominent  position  lateral  and  posterior  to  the  heart. 
Separate  the  lobes  slightly  and  find  the  gall  bladder,  which  re¬ 
ceives  bile  from  each  of  the  lobes. 

(4)  The  alimentary  canal,  consisting  of  a  long  tube  running 
from  the  mouth  to  the  anus.  Identify  the  enlarged  stomach, 
which  lies  to  the  animal’s  left  just  under  the  tips  of  the  lobes  of  the 
liver,  and  the  coiled  small  intestine,  which  can  be  traced  poste¬ 
riorly  to  the  large  intestine,  or  rectum.  Note  the  small  spher¬ 
ical  spleen  near  by. 

(5)  The  urogenital  organs,  consisting  of  the  kidneys  and 
either  the  male  gonads  (testes)  or  female  gonads  (ovaries). 
These  lie  close  to  the  dorsal  body  wall,  and  can  be  seen  by  gently 
pushing  the  intestine  somewhat  to  one  side. 

(6)  Arrange  the  organs  to  the  best  advantage,  and  make  a  full 
page  drawing  to  show  as  many  as  possible  of  the  observed 
structures. 
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BUCCAL  CAVITY  AND  RESPIRATORY 
ORGANS  OF  THE  FROG 

1.  Pin  the  Frog,  which  you  dissected  last  time,  ventral  surface 
up  in  a  dissecting  pan.  Pull  back  the  lower  jaw,  cutting  a  little 
at  each  corner,  and  then  pin  the  edge  of  the  lower  jaw  to  the  ven¬ 
tral  surface  of  the  body  so  as  to  expose  fully  the  cavity  of  the  mouth 
(buccal  cavity). 

2.  Note  the  upper  jaw  with  (1)  a  projecting,  fleshy  upper  lip,  and 
bearing  (2)  numerous  very  fine  maxillary  teeth,  which  you  can 
feel  by  rubbing  over  them  with  your  finger ;  (3)  the  two  groups  of 
vomerine  teeth  on  the  dorsal  roof  of  the  mouth ;  (4)  the  internal 
nostrils  (internal  nares),  one  on  either  side  of  the  vomerine 
teeth ;  (5)  the  openings  of  the  Eustachian  tubes,  posterior  to  the 
internal  nares. 

3.  Note  the  lower  jaw  with  (1)  the  muscular  tongue,  which  is 
attached  anteriorly,  and  (2)  the  circular  elevation  (glottis)  with 
a  median,  slit-like  opening  into  the  laryngo-tracheal  cavity 
which  leads  to  the  lungs.  Leading  from  the  posterior  end  of  the 
mouth  is  (3)  the  oesophagus,  which  runs  to  the  stomach.  Make 
a  drawing  of  the  entire  mouth  cavity  to  show  the  structures  ob¬ 
served. 

4.  Place  the  lower  jaw  in  a  normal  position  and  then  carefully 
remove  the  skin  from  the  ventral  surface  of  the  body,  anterior  to 
the  fore  limbs.  After  having  carefully  cut  the  attached  blood 
vessels,  remove  the  heart  from  the  body.  Locate  the  pair  of  lungs 
which  you  saw  in  the  last  exercise  and  trace  each  one  to  the  thin- 
walled,  median  laryngo-tracheal  cavity  which  lies  just  ventral  to 
the  glottis,  noted  above  in  the  study  of  the  buccal  cavity.  Draw  to 
show  the  structures  observed. 
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ALIMENTARY  CANAL  AND  ASSOCIATED 
ORGANS  OF  THE  FROG 


1.  Secure  the  specimen  previously  dissected.  Cut  off  and  dis¬ 
card  the  portion  of  the  lower  jaw  which  lies  anterior  to  the  glottis. 
Next  cut  through  the  mucous  membrane  lining  the  dorsal  part  of 
the  mouth  cavity  just  posterior  to  the  openings  of  the  Eustachian 
tubes.  Be  careful  not  to  disturb  the  underlying  bony  structures  of 
the  upper  jaw.  You  have  now  freed  the  anterior  end  of  the 
oesophagus  from  the  body. 

2.  With  your  forceps,  gently  lift  up  the  lower  jaw  with  the 
attached  oesophagus,  and  then,  beginning  anteriorly,  carefully  cut 
all  the  mesenteries  which  attach  the  alimentary  canal  to  the  body. 
Make  a  transverse  cut  through  the  anterior  end  of  the  rectum. 
Nowt  remove  the  entire  alimentary  canal  with  the  attached  lungs, 
liver,  and  pancreas  from  the  body,  taking  care  not  to  disturb  the 
underlying  urogenital  organs.  Place  the  organs  which  you  have 
just  removed  in  a  dissecting  pan  and  pin  them  out  so  as  to  show  to 
the  best  advantage.  It  may  be  necessary  to  cut  some  of  the 
mesenteries. 

3.  Trace  the  alimentary  canal  throughout  its  entire  length. 
Identify  and  note  the  structure  of  the  (1)  oesophagus  ;  (2)  stomach  ; 
(3)  PYLORIC  VALVE ;  (4)  SMALL  INTESTINE  ;  (5)  PANCREAS  with 
the  pancreatic  duct,  which  joins  the  bile  duct  from  the  gall 
bladder  of  the  liver  before  the  latter  opens  into  the  small  intestine  ; 
and  (6)  the  rectum,  which  merges  into  the  cloaca. 

4.  With  fine  scissors,  make  a  median  longitudinal  cut  through 
the  ventral  wall  of  each  lung  and  continue  the  cut  on  each  side 
into  the  laryngo-tracheal  cavity.  Pin  back  the  walls  of  the  lungs 
and  larynx,  thus  exposing  the  interior  of  these  structures.  Note : 
(1)  the  structure  of  the  lungs ;  (2)  the  pair  of  small  vocal  cords 
lying  on  each  side  of  the  laryngo-tracheal  cavity ;  and  (3)  the  open¬ 
ing  into  the  mouth  cavity  through  the  glottis. 

5.  Arrange  the  organs  to  the  best  advantage  and  make  a  draw¬ 
ing  to  show  as  many  as  possible  of  the  observed  structures. 
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HEART 

1.  Examine  a  Pig’s  heart  and  note  that  it  is  conical  in  form,  with 
a  broad  base  and  a  narrow  apex.  Place  it  with  the  apex  pointing 
toward  you  and  note  the  following  external  features  :  (1)  the  left 
ventricle,  with  very  thick,  muscular  walls,  continuing  to  the  tip 
of  the  apex;  (2)  the  right  ventricle,  with  thinner  walls,  lying 
beside  the  left  ventricle  except  at  the  tip,  which  is  entirely  formed 
by  the  left  ventricle;  (3)  the  left  auricle,  and  (4)  the  right 
auricle,  both  lying  anterior  to  the  ventricles.  Both  of  the  auri¬ 
cles  are  smaller  and  have  much  thinner  walls  than  the  ventricles, 
and  each  is  provided  with  (5)  an  ear-like  flap  of  tissue  (auricu¬ 
lar  appendage)  . 

2.  Explore  the  cavity  1  of  the  left  auricle,  noting  (1)  the  openings 
of  the  pulmonary  veins,  and  (2)  the  opening  into  the  left  ventricle. 

3.  Explore  the  cavity  of  the  left  ventricle,  noting  (1)  the  very 
heavy,  muscular  walls ;  (2)  the  mitral  valve,  guarding  the  open¬ 
ing  from  the  auricle,  the  edges  of  which  are  attached  to  (3)  elevations 
(papillary  muscles)  of  the  muscular  walls  of  the  ventricle  by  a 
number  of  (4)  fine  tendinous  cords  (chordae  tendineae).  Feel 
with  your  finger  and  find  (5)  the  opening  into  the  aorta.  Study 
the  aorta,  noting  (6)  its  heavy,  elastic  walls ;  (7)  the  semilunar 
valves,  and  (8)  the  opening  of  the  coronary  artery  just  beyond 
the  valves. 

4.  Explore  the  cavity  of  the  right  auricle,  noting  (1)  the  large 
openings  from  the  venae  cavae;  (2)  the  small  opening  of  the 
coronary  vein  just  posterior  to  the  former ;  and  (3)  the  opening 
into  the  right  ventricle. 

5.  Explore  the  cavity  of  the  right  ventricle,  noting  (1)  the  thin¬ 
ness  of  the  walls  as  compared  with  the  left  ventricle ;  (2)  the  tri¬ 
cuspid  valve,  which  shows  the  same  structure  as  the  mitral  valve. 
Find  the  opening  into  (3)  the  pulmonary  artery,  which  contains 
(4)  semilunar  valves,  the  same  as  in  the  aorta. 

6.  Make  a  drawing  of  the  heart  from  the  left  side,  showing  as 
many  as  possible  of  the  observed  structures. 

1  The  various  chambers  of  the  heart  should  be  opened  by  cutting  through 
the  walls. 
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UROGENITAL  SYSTEM  OF  THE  FROG 


1.  Pin  the  specimen,  from  which  you  have  previously  removed 
the  alimentary  canal  and  associated  organs,  in  a  dissecting  pan, 
ventral  surface  up  as  before.  Carefully  cut  through  the  bony 
pelvis  in  the  median  line  and  thus  completely  expose  the  cloaca 
into  which  the  rectum  and  the  ducts  from  the  urinary  and  genital 
organs  empty,  and  on  the  ventral  surface  of  which  the  thin-walled, 
bilobed  bladder  opens. 

2.  Female  Frog.  In  the  spring  the  right  and  left  ovaries  be¬ 
come  greatly  distended  and  fill  a  large  portion  of  the  body  cavity. 
Separate  the  ovaries  and  push  them  to  either  side  so  that  the  other 
organs  may  be  seen  to  advantage.  Note :  (1)  a  pair  of  reddish, 
flattened,  oval-shaped  kidneys,  close  to  the  dorsal  body  wall; 
(2)  a  pair  of  elongated,  orange-colored  adrenal  bodies,  one  lying 
on  the  ventral  surface  of  each  kidney ;  (3)  a  pair  of  yellowish  fat 
bodies  with  long  finger-like  processes;  (4)  a  pair  of  long,  coiled 
oviducts  which  open  anteriorly  into  the  body  cavity  near  the  base 
of  each  lung.  Posteriorly,  before  opening  into  the  cloaca,  each  of  the 
oviducts  enlarges  to  form  (5)  a  thin-walled  uterus.  Examine 
the  outer  margin  of  the  kidneys  and  find  on  each  (6)  a  ureter, 
which  can  be  traced  posteriorly  to  its  opening  in  the  cloaca. 
Note  also  the  blood  vessels  attached  to  the  kidneys.  Make  an 
enlarged  drawing  to  show  the  structures  observed. 

3.  Male  Frog.  Locate  and  examine  the  following  parts  of 
the  male  urogenital  system :  (1)  a  pair  of  reddish,  flattened,  oval- 
shaped  kidneys,  close  to  the  dorsal  body  wall ;  (2)  a  pair  of  white 
testes  attached  to  the  kidneys  by  a  number  of  fine  ducts  (vasa 
efferentia)  ;  (3)  a  pair  of  elongated,  orange-colored  adrenal 
bodies,  one  lying  on  the  ventral  surface  of  each  kidney ;  (4)  a  pair 
of  yellowish  fat  bodies  with  long  finger-like  processes;  (5)  in 
many  specimens  a  pair  of  small,  coiled  rudimentary  oviducts  are 
to  be  found  situated  laterally  to  the  kidneys.  Examine  the  outer 
margins  of  the  kidneys  and  find  (6)  the  urogenital  canals,  each 
of  which  can  be  traced  posteriorly  to  its  opening  in  the  cloaca. 
Note  also  the  blood  vessels  attached  to  the  kidneys.  Make 
an  enlarged  drawing  to  show  the  structures  observed. 
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KIDNEY 


1.  Examine  a  half  of  a  Pig’s  kidney.  Observe  that  it  is  some¬ 
what  bean-shaped  in  outline,  with  a  marked  depression  (hilus) 
on  one  edge,  in  which  region  the  ureter  arises.  Examine  the  cut 
surface  of  your  specimen  and  note  that  three  regions  of  the  kidney 
can  be  distinguished  as  follows  :  (1)  an  outer,  darker  area  (cortex) 
containing  great  numbers  of  the  microscopic,  nephridial  elements 
(Malpighian  bodies)  ;  (2)  an  inner,  striated  medullary  portion 
(medulla)  containing  the  uriniferous  tubules,  and  (3)  the 
pelvis,  which  is  really  the  expanded  end  of  the  ureter.  The  urinif¬ 
erous  tubules  of  the  medulla  open  into  the  pelvis  at  the  tips  of  the 
conical-shaped  projections  (pyramids  of  Malpighi),  and  the  latter 
are  separated  from  each  other  by  prolongations  of  the  cortex  into 
the  pelvis.  Make  a  drawing  of  the  cut  surface  of  the  kidney  to 
show  the  structure  as  observed. 

2.  Examine,  with  the  low  and  the  high  power,  a  prepared  section 
of  Frog  kidney  and  note  the  general  arrangement,  consisting  of  a 
comparatively  thin  area  on  one  side,  which  contains  a  number  of 
rounded  Malpighian  bodies,  and  a  thicker  area  filled  with  the  uri¬ 
niferous  tubules  which  have  been  sectioned  in  various  planes. 
Make  a  drawing  to  show  the  general  arrangement. 

3.  Select  a  single  Malpighian  body  and  focus  on  it  with  high 
power.  It  consists  of  (1)  a  spherical  knot  of  fine  blood  vessels 
(glomerulus)  containing  numerous  red  blood  corpuscles  which 
appear  yellow  in  the  preparation,  and  (2)  a  definite,  surrounding 
membrane  (Bowman’s  capsule)  which  is  essentially  the  enlarged 
end  of  a  uriniferous  tubule.  Focus  on  a  portion  of  one  of  the 
uriniferous  tubules  and  note  the  cellular  wall  and  central  lumen. 
Make  a  drawing  of  a  Malpighian  body  and  of  a  portion  of  a  urinif¬ 
erous  tubule. 
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SPINAL  NERVES  OF  THE  FROG 


1.  Pin  your  specimen  in  the  dissecting  pan  as  before.  Remove 
any  of  the  viscera  which  may  be  present  in  body  cavity.  Examine 
the  dorsal  wall  of  the  body  cavity  and  note  the  paired  spinal  nerves 
which  may  be  seen  as  small,  white  cords  running  laterally  from 
either  side  of  the  vertebral  column.  They  arise  in  the  spinal  cord 
and  emerge  from  between  the  vertebrae  through  the  light  colored 
CALCAREOUS  BODIES. 

2.  Beginning  at  the  anterior  end,  identify  and  trace  the  ten 
pairs  of  spinal  nerves  as  follows : 

I.  A  small  pair  which  emerges  from  between  the  first  and 
second  vertebrae  just  anterior  to  the  fore  limbs,  usually  giving 
off  a  small  branch  to  the  second  nerve  before  continuing  laterally 
into  the  muscles. 

II.  A  large  pair  which  supplies  the  fore  limbs  after  usually  hav¬ 
ing  received  branches  from  the  first  and  third  pairs.  This  union 
forms  the  brachial  plexus. 

III.  A  small  pair  which,  after  giving  off  a  branch  to  the  second 
pair,  can  be  traced  laterally  into  the  muscles. 

IV.  V,  and  VI  are  small  pairs  which  can  be  traced  into  the  mus¬ 
cles  of  the  body  wall. 

VII,  VIII,  and  IX  are  larger  pairs  which  run  almost  directly 
posteriorly  and  anastomose  to  form  the  sciatic  plexus,  from  which 
arises  the  large  sciatic  nerve.  By  careful  dissection,  follow  the 
sciatic  nerve  from  the  plexus  down  through  the  leg  and  into  the  foot( 
noting  the  various  branches  which  are  given  off.  Note  also  a 
branch  of  the  seventh  nerve,  which  is  given  off  anterior  to  the  sciatic 
plexus. 

X.  A  small  pair,  each  of  which  emerges  from  openings  near 
the  anterior  end  of  the  urostyle  and  supplies  chiefly  the  urogenital 
organs. 

3.  Make  a  drawing  to  show  the  location  and  course  of  the  spinal 
nerves. 
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CENTRAL  NERVOUS  SYSTEM  OF  THE 
FROG  (1) 


1.  Secure  your  dissected  Frog  and  carefully  remove  the  skin 
from  all  parts  of  the  body.  Fasten  the  specimen,  dorsal  surface  up, 
in  a  dissecting  pan,  and  then  with  a  sharp,  pointed  scalpel,  pick  off, 
bit  by  bit,  the  bony  roof  of  the  skull  in  the  region  between  the  eyes, 
taking  great  care  not  to  injure  the  brain  underneath  by  inserting  the 
scalpel  too  deeply.  Small  pieces  of  the  bone  may  also  be  snipped 
off  with  the  tips  of  the  scissors.  Continue  the  area  of  dissection 
anteriorly  to  the  nasal  region  and  posteriorly  to  the  end  of  the  skull, 
thus  entirely  exposing  the  dorsal  surface  of  the  brain.  Note  that  it 
is  covered  by  a  thin  pigmented  membrane  (dura  mater)  which 
should  be  carefully  removed  with  fine  forceps. 

2.  Examine  the  brain  from  the  dorsal  surface  and,  beginning  at 
the  anterior  end,  note  the  following  parts  :  (1)  the  fused  ol factory 
lobes,  from  which  the  olfactory  nerves  may  be  seen  extending 
anteriorly  to  the  nasal  region;  (2)  the  pair  of  cerebral  hemi¬ 
spheres  which  merge  anteriorly  into  the  olfactory  lobes;  (3)  an 
unpaired  portion  (diencephalon)  bearing  (4)  a  small,  median 
structure  (pineal  gland)  ;  (5)  a  pair  of  egg-shaped  optic  lobes, 
back  of  which  is  (6)  a  transverse  elevation  (cerebellum),  and, 
posterior  to  the  cerebellum,  (7)  the  medulla  oblongata,  which 
appears  as  the  enlarged  anterior  end  of  the  spinal  cord  and  con¬ 
tains  (8)  a  triangular  depression,  the  fourth  ventricle.  The 
fore-brain  consists  of  the  olfactory  lobes,  cerebral  hemispheres, 
and  diencephalon ;  the  mid-brain,  as  seen  from  the  dorsal  surface, 
of  the  optic  lobes,  and  the  hind-brain,  of  the  cerebellum  and  me¬ 
dulla  oblongata. 

3.  Make  a  drawing  at  least  twice  natural  size  to  show  the  dorsal 
surface  of  the  brain  in  situ. 
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CENTRAL  NERVOUS  SYSTEM  OF  THE 
FROG  (2) 


1.  Continue  the  dissection  of  the  central  nervous  system  by  very 
carefully  removing,  with  the  tips  of  the  scissors,  the  bony,  dorsal 
arches  of  all  the  vertebrae,  thus  exposing  the  spinal  cord  through¬ 
out  its  entire  length. 

2.  The  brain  and  spinal  cord  must  now  be  removed  from  the 
animal.  In  order  to  do  this  it  will  be  necessary  to  cut  the  cranial 
and  spinal  nerves  which  run  from  the  central  nervous  system  to 
the  various  regions  of  the  body.  Begin  at  the  anterior  end  of 
the  brain  and  cut  the  olfactory  nerves  first.  Then  carefully  raise 
the  anterior  end  of  the  brain,  note  the  large  optic  nerves  on  the 
ventral  surface  anterior  to  the  optic  lobes,  and  cut  them.  Con¬ 
tinue  posteriorly  in  this  manner,  and  when  the  entire  central  nerv¬ 
ous  system  is  free,  remove  it  and  place  in  a  small  dish  of  water 
for  further  study. 

3.  Study  the  ventral  surface  of  the  brain  under  the  dissecting 
microscope  and  locate  the  region  of  the  fore-brain,  mid-brain,  and 
hind-brain.  Note:  (1)  the  origin  of  the  olfactory  nerves;  (2)  the 
origin  of  the  optic  nerves  and  the  crossing  of  the  fibers  of  each  in 
the  mid-ventral  line  under  the  optic  lobes,  to  form  (3)  the  optic 
chiasma;  (4)  the  heart-shaped  infundibulum  which  lies  under¬ 
neath  the  optic  chiasma,  and  (5)  the  hypophysis,  or  pituitary 
body,  which  lies  in  a  median  position  posterior  to  the  infundibulum. 
The  latter  is  frequently  detached  from  the  brain  when  removing  it 
from  the  brain  case. 

4.  Study  the  spinal  cord  and  note :  (1)  the  enlargement  in  the 
brachial  region  where  the  nerve  supply  of  the  fore-limbs  arises ; 
(2)  the  enlargement  in  the  pelvic  region  where  the  nerve  supply  of 
the  hind-limbs  arises;  and  (3)  the  small  terminal  portion  (filum 
terminale)  . 

5.  Make  a  drawing  of  the  ventral  surface  of  the  brain  and 
spinal  cord  at  least  twice  natural  size,  showing  all  the  structures 
observed. 
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BRAIN 


1.  Examine  the  dorsal  surface  of  a  Sheep’s  brain.  Note  the 
large  anterior  cerebrum,  which  consists  of  a  right  and  left  cere¬ 
bral  hemisphere.  Posterior  to  the  latter  is  the  median,  unpaired 
cerebellum,  lying  above  the  medulla,  which  merges  into  the 
spinal  cord.  The  brain  is  enclosed  in  three  membranes :  (1)  the 
dura  mater,  which  lines  the  interior  of  the  skull ;  (2)  the  arachnoid, 
which  is  the  membrane  you  see,  and  (3)  the  pia  mater,  which  lies 
below  the  arachnoid  and  is  very  closely  applied  to  the  brain  tissue. 
Note  that  the  outer  surface  of  the  cerebrum  (cerebral  cortex) 
is  arranged  in  ridges  (gyri),  between  which  are  depressions  (sulci) 
of  varying  depths. 

2.  Examine  the  ventral  surface  of  your  specimen.  Note :  (1)  the 
cerebral  hemispheres  ;  (2)  the  olfactory  lobes  (often  destroyed 
in  removing  the  brain  from  the  skull),  from  each  of  which  (3)  ol¬ 
factory  nerve  fibers  arise;  (4)  the  optic  chiasma,  from  which 
(5)  the  optic  nerves  arise;  (6)  the  pituitary  body,  under  and 
posterior  to  the  optic  chiasma,  and  lying  on  (7)  the  thickened, 
ventral  wall  (crura  cerebri)  of  the  mid-brain ;  (8)  the  prominent, 
transverse  band  of  fibers  (pons  variolii)  with  (9)  a  root  of  the 
important  fifth  cranial  nerve  (trigeminal)  arising  just  posterior 
and  on  each  side ;  (10)  the  eighth  cranial  nerves  (auditory)  which 
arise  close  to  the  ventral  edge  of  the  cerebellum  just  posterior  to 
the  fifth  cranial  nerve. 

3.  Examine  the  cut  surface  of  a  brain  which  has  been  sectioned 
in  a  median  longitudinal  plane.  Note  the  general  arrangement 
with  the  large  cerebral  hemisphere  which  lies  anterior  and  dorsal 
to  the  mid-brain.  Identify  the  following  structures  in  addition  to 
those  noted  above :  (1)  the  corpus  callosum,  which  consists  of  a 
fibrous  plate  connecting  the  two  cerebral  hemispheres;  (2)  the 
corpora  qu adrigemin a ,  which  lie  just  anterior  to  the  cerebellum 
and  constitute  the  dorsal  wall  of  the  mid-brain;  (3)  the  small 
spherical  pineal  gland  lying  in  an  indentation  anterior  to  the 
corpora  quadrigemina,  and  (4)  the  cavity  (fourth  ventricle)  in 
the  medulla,  lying  underneath  the  cerebellum. 

4.  Make  a  drawing  of  the  half-brain  from  the  cut  surface,  show¬ 
ing  as  many  as  possible  of  the  structures  which  you  have  found  in 
the  preceding  paragraphs. 
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EYE 


1.  Place  a  dissecting  microscope  on  its  side  in  front  of  you  and 
turn  the  mirror  in  such  a  position  that  you  can  examine  your  own 
eye.  Make  a  drawing,  showing  (1)  the  eyelids;  (2)  the  white  of 
the  eye  (sclerotic  coat)  which  in  front  forms  (3)  the  transparent 
cornea  ;  (4)  the  underlying  colored  portion  (iris)  with  (5)  a  circular, 
central  opening  (pupil). 

2.  Examine  a  Sheep’s  eye.  Note :  (1)  the  shape ;  (2)  the 
character  of  the  outer,  protective  covering  (sclerotic  coat)  ; 

(3)  the  attachment  of  the  muscles ;  and  (4)  the  optic  nerve. 

3.  Examine  an  eye  which  has  been  cut  in  half  and  find  the  follow¬ 
ing  structures :  (1)  the  sclerotic  coat,  a  comparatively  thick 
layer  of  connective  tissue,  which,  in  the  front  of  the  eye,  forms 

(2)  the  transparent  cornea  ;  (3)  the  choroid  coat,  a  thin,  deeply 
pigmented,  vascular  layer  which,  in  the  front  of  the  eye,  forms 

(4)  the  colored  iris,  in  the  center  of  which  is  (5)  the  circular  opening 
(pupil)  ;  (6)  the  transparent  lens,  which  lies  just  posterior  to  the 
iris ;  and  (7)  the  sensory  layer,  or  retina,  which  is  directly  con¬ 
tinuous  with  (8)  the  optic  nerve,  running  from  the  posterior  part 
of  the  eye  to  the  brain. 

4.  Note  the  following  chambers  of  the  eye :  (1)  the  anterior 
chamber,  situated  between  the  cornea  and  iris;  (2)  the  small 
posterior  chamber,  situated  between  the  iris  and  lens  and  com¬ 
municating  with  the  anterior  chamber  through  the  pupil;  and 

(3)  the  large  vitreous  chamber  posterior  to  the  lens,  in  which  the 
retina  lies.  The  vitreous  chamber  is  filled  with  a  transparent,  jelly- 
like  material  (vitreous  humor).  The  two  chambers  in  front 
contain  a  more  fluid  substance  (aqueous  humor). 

5.  Make  a  drawing,  about  three  inches  in  diameter,  showing  the 
structures  as  observed. 
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HISTOLOGY  OF  NERVE  TISSUE 


1.  Examine,  with  the  low  and  with  the  high  power,  a  prepared 
transverse  section  through  the  spinal  cord  of  a  Frog.  Note  :  (1)  the 
thin,  outer  covering  (dura  mater)  ;  (2)  the  rather  shallow  indenta¬ 
tion  on  the  dorsal  side  (dorsal  fissure)  ;  (3)  the  deeper  indentation 
on  the  ventral  side  (ventral  fissure)  ;  (4)  the  outer  layer  (white 
matter)  largely  composed  of  nerve  fibers,  and  less  compact  than 

(5)  the  inner  material  of  the  cord  (gray  matter)  which  contains 

(6)  a  large  number  of  nerve  cells,  or  neurons.  In  the  center  of  the 
cord  is  (7)  the  open  canal  (central  canal)  which  runs  the  entire 
length  of  the  central  nervous  system.  If  the  section  happens 
to  pass  through  a  spinal  nerve,  the  (8)  dorsal  and  ventral  roots 
may  be  seen  connected  with  the  gray  matter.  Make  a  drawing 
of  the  section  to  show  the  structures  as  observed. 

2.  Using  the  high  power,  focus  directly  on  the  large,  irregularly 
shaped  motor  nerve  cells  in  the  ventral  portion  of  the  gray  matter 
on  either  side  of  the  cord.  Note  the  large  nuclei  and  the  fibrillated 
cytoplasm.  Try  to  find  a  nerve  cell  which  has  been  sectioned  so 
that  it  shows  a  long  fiber  (axon)  running  out  from  it.  Draw  one 
of  the  cells,  showing  all  details  of  structure  as  observed. 

3.  Secure  a  small  piece  of  a  fresh  nerve  taken  from  a  chloroformed 
Frog,  place  it  on  a  slide  in  a  drop  or  two  of  normal  salt  solution,  and 
tear  it  apart  with  dissecting  needles.  Mount  and  examine  under 
the  microscope.  Note  that  the  nerve  is  composed  of  a  number  of 
fine,  thread-like  fibers,  each  of  which  consists  of  (1)  a  delicate, 
external  membrane  (neurilemma),  (2)  a  thick  layer  of  fatty  ma¬ 
terial  (medullary  sheath),  and  (3)  the  central  nerve  fiber,  or 
axon,  which,  as  noted  above,  is  a  direct  continuation  of  the  cyto¬ 
plasm  of  the  nerve  cells.  At  intervals  along  each  fiber,  there  are 
breaks  (nodes  of  ranvier)  in  the  medullary  sheath,  but  the 
neurilemma  and  the  axon  are  continuous.  Draw  to  show  the 
structure  as  observed. 
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HISTOLOGY  OF  MUSCLE  TISSUE 


1.  Unstriated  Muscle.  Examine,  with  the  low  and  high 
power,  a  prepared  transverse  section  of  Frog  intestine.  Note  that 
it  is  composed  of  a  number  of  layers  as  follows :  (1)  the  thin,  outer 
covering  (peritoneum)  ;  (2)  the  muscular  layers  consisting  of  an 
outer  longitudinal  layer  and  an  inner,  thicker,  circular 
layer;  (3)  the  connective  tissue  layer  (submucosa),  and  (4)  the 
epithelial  layer  (mucosa)  which  is  thrown  into  folds,  and  forms  the 
inner  lining  of  the  intestine.  The  mucosa  consists  of  two  types 
of  elongated  epithelial  cells,  one  the  absorptive  cells,  and  the 
other  the  secretive  cells,  or  unicellular  glands.  The  latter  type 
may  be  distinguished  by  the  presence  of  a  large  oval  vacuole  in 
each.  Draw  the  section  in  outline  and  fill  in  a  portion  to  show  the 
general  arrangement. 

2.  Study  the  two  layers  of  unstriated  muscle  tissue  under  the 
high  power.  Note  that  the  tissue  of  the  circular  layer  consists 
of  closely  packed,  elongated,  spindle-shaped  cells.  In  the 
longitudinal  layer  this  same  type  of  muscle  cell  is  to  be  noted, 
but  in  this  case  the  cells  have  been  cut  transversely  so  that  the 
true  shape  of  the  cell  bodies  is  not  seen.  Draw  a  portion  of  both 
layers  to  show  the  structure  as  observed. 

3.  Striated  Muscle.  Place  a  small  piece  of  fresh  muscle,  from 
the  leg  of  a  Frog,  in  a  drop  of  normal  salt  solution  on  a  slide.  Tear 
it  thoroughly  apart  with  dissecting  needles.  Add  a  drop  of  acetic 
carmine  stain,  mount,  and  examine  with  the  low  and  the  high  power. 
Note  that  this  type  of  muscle  tissue  consists  of  long,  striated, 
cylindrical  bundles  of  fibers  bound  together  by  connective  tissue 
(perimysium).  Under  the  high  power  study  the  cytoplasm  (sar¬ 
coplasm)  of  the  muscle  fibers  and  observe  the  distinct  transverse 
striations  and  the  less  distinct  longitudinal  striations  which 
are  present  in  them.  Stained  nuclei  may  also  be  found  embedded 
in  the  sarcoplasm.  Draw  to  show  the  structure  as  observed. 
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HISTOLOGY  OF  CONNECTIVE  TISSUES 


1.  Fibrous  Connective  Tissue.  Examine,  with  the  high 
power,  a  prepared,  transverse  section  of  Frog  skin.  Note  that: 
(1)  the  outer  portion  (epidermis)  of  the  skin  is  made  up  of  several 
layers  of  stratified  epithelial  cells;  (2)  the  inner  portion  (dermis) 
of  the  skin  is  divided  into  a  comparatively  loose  layer  of  connective 
tissue  (stratum  spongiosum)  which  lies  next  to  the  epithelial  cells 
and  consists  of  connective  tissue  fibers,  in  which  are  embedded 
numerous  glands,  blood  vessels,  and  lymph  spaces.  The  inner 
portion  of  the  dermis  consists  of  (3)  a  layer  of  very  dense  connective 
tissue  (stratum  compactum)  in  which  the  bundles  of  wavy  con¬ 
nective  tissue  fibers  run,  in  general,  parallel  to  the  surface  of  the  skin. 
At  intervals  this  layer  is  crossed  by  vertical  strands  which  extend 
through  the  stratum  spongiosum  to  the  epidermis.  These  strands 
are  made  up  of  connective  tissue  fibers  and  also,  in  some  cases, 
of  muscle  fibers,  nerves,  and  blood  vessels.  Draw  a  portion  of  the 
section  to  show  the  structure  as  observed. 

2.  Cartilage.  Examine,  with  the  high  power,  a  prepared  sec¬ 
tion  of  hyaline  cartilage.  Note :  (1)  the  transparent,  homo¬ 
geneous  intercellular  substance  (matrix)  which  possesses  (2)  nu¬ 
merous  spaces  (lacunae).  The  latter  contain  (3)  one  or  more 
nucleated  cartilage  cells.  Note  also,  in  various  regions  of  the 
preparation,  that  the  lacunae  containing  the  cartilage  cells  show 
a  tendency  to  group  together.  Draw  a  portion  of  the  section  to 
show  the  structure  as  observed. 
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AXIAL  SKELETON 


1.  Examine  the  skull  of  a  Dog  or  Cat.  Note  that  it  consists 
of  the  brain  case  (cranium),  and  the  facial  portion  which  forms 
the  framework  of  the  face  and  jaws.  Locate  the  bony  sense 
capsules  which  enclose  and  protect  the  nose,  eyes,  and  ears. 
Observe  the  articulation  of  the  lower  jaw  (mandible)  at  the  poste¬ 
rior  end  of  the  skull  with  the  posterior  portion  of  the  prominent 
zygomatic  ARCH.  Note  the  similarity  and  the  relation  of  the 
teeth  of  both  jaws  and  their  adaptation  for  different  purposes. 
Various  openings  (foramina)  are  present  in  the  skull  bones,  which 
serve  as  exits  for  the  cranial  nerves  and  blood  vessels.  The  largest 
of  these  is  the  foramen  magnum  at  the  posterior  end  of  the  skull, 
through  which  the  spinal  cord  passes  into  the  cranium.  On  each 
side  of  the  foramen  magnum  is  a  smooth,  rounded,  prominence 
(occipital  condyle).  The  condyles  fit  into  depressions  on  the  first 
vertebra  of  the  vertebral  column,  and  thus  articulate  the  skull  with  it. 

2.  Examine  the  surface  of  the  skull  and  note  that  it  is  composed 

of  a  considerable  number  of  bones  which  are  jointed  together  by 
irregular  sutures.  Identify  the  following  bones :  (1)  the 

occipitals,  which  form  the  posterior  part  of  the  skull  around  the 
foramen  magnum;  (2)  the  parietals,  which  form  a  considerable 
portion  of  the  dorsal  and  lateral  walls  of  the  cranium;  (3)  the 
temporals,  in  which  the  ears  are  located  (consist  chiefly  of  the 
dorsal  squamosal  portions),  lie  ventral  to  the  parietals,  and  from 
each  of  them  there  is  (4)  a  curved  projection  (zygomatic  process) 
which  unites  anteriorly  with  (5)  the  malar  bone  to  form  the  zygo¬ 
matic  arch  ;  (6)  the  frontals  which  lie  anterior  to  parietals  and 
dorsal  to  the  eye ;  (7)  the  median  nasals,  which  form  the  dorsal 
wall  of  the  nose ;  (8)  the  maxillae,  and  (9)  the  small  premaxillae, 
which  together  form  the  upper  jaw  and  a  large  portion  of  the  roof 
of  the  mouth;  (10)  the  palatines,  which  lie  in  the  roof  of  the 
mouth  posterior  to  the  maxillary  bones ;  (11)  the  median  sphenoids, 
posterior  to  the  palatines,  and  (12)  the  mandible,  or  lower  jaw. 

3. -  Draw  the  skull  from  the  left  side,  showing  as  many  as  possible 
of  the  parts  mentioned  above. 

4.  Examine  a  vertebra  from  either  the  thoracic  or  lumbar 
region  of  the  spinal  column.  Note :  (1)  the  large,  solid  centrum, 
with  (2)  the  neural  arch  lying  dorsal  and  surrounding  (3)  the 
neural  canal;  (4)  the  transverse  processes  for  the  attach¬ 
ment  of  muscles,  projecting  laterally  from  each  side ;  (5)  the  neural 
spine,  which  projects  dorsally  from  the  neural  arch,  and  (6)  the 
anterior  and  posterior  articular  processes.  Draw  the  ver¬ 
tebra  from  either  an  end  or  a  side. 
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APPENDICULAR  SKELETON 


1.  With  the  structural  plan  of  the  vertebrate  pentadactyl 
limb  in  mind,  examine  the  mounted  skeleton  of  a  Dog  or  Cat  and 
note  the  differences  between  the  fore  limbs  and  the  hind  limbs, 
together  with  their  respective  girdles. 

2.  Secure  a  detached  fore  limb  and  determine  from  the  mounted 
skeleton  whether  it  is  a  right  limb  or  a  left  limb.  Identify  the 
following  bones :  (1)  the  shoulder  blade  (scapula)  with  a  median 
ridge ;  (2)  the  large  humerus  ;  (3)  the  radius,  and  (4)  ulna  — 
the  latter  is  the  larger  and  forms  the  main  articulation  with  the 
humerus ;  (5)  the  wrist  (carpus),  composed  of  seven  carpal  bones ; 
(6)  the  hand,  composed  of  five  metacarpal  bones  and  five  digits. 
Each  of  the  digits  consists  of  three  bones  (phalanges)  with  the 
exception  of  the  first,  corresponding  to  our  thumb,  which  has  only 
two.  Make  a  reduced  drawing  of  the  entire  fore  limb. 

3.  Secure  a  detached  hind  limb  and  determine  from  the  mounted 
skeleton  whether  it  is  a  right  limb  or  a  left  limb.  Identify  the  fol¬ 
lowing  bones  :  (1)  the  pelvis,  which  has  a  bony  attachment  to  the 
vertebral  column ;  (2)  the  large  femur  ;  (3)  tibia,  and  (4)  fibula 
—  the  former  is  the  larger  and  forms  the  main  articulation  with  the 
femur;  (5)  the  ankle  (tarsus),  composed  of  seven  tarsal  bones; 
the  foot,  composed  of  five  metatarsal  bones,  one  of  which  is  much 
reduced,  and  four  digits  —  the  first  is  lacking  —  each  of  which  con¬ 
sists  of  three  bones  (phalanges)  .  Make  a  reduced  drawing  of  the 
entire  hind  limb. 

4.  For  comparison,  study  the  limbs  of  a  Bird,  Bat,  Horse,  and 
Man.  Note,  in  all  these  types,  the  homologies  of  the  principal 
bones,  and  their  modifications,  such  as  changes  in  form,  consolida¬ 
tion,  suppression,  etc. 
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SPERMATOGENESIS 

1.  Examine,  with  the  low  and  the  high  power,  a  prepared  section 
of  Mouse  testis.  Note  that  it  consists  of  a  great  number  of  tubules 
(seminiferous  tubules)  in  the  walls  of  which  the  sperm  cells 
develop.  The  tubules  are  greatly  convoluted,  and  consequently,  in 
the  preparation,  they  are  sectioned  in  various  planes.  At  one  side 
of  the  testis  a  section  of  the  epididymis  may  be  seen.  This  is  the 
conducting  tube  that  carries  the  mature  sperm  from  the  testis.  It 
corresponds,  in  general,  to  the  vasa  efferentia  of  the  Frog  testis 
(p.  236).  Draw  the  entire  testis  in  outline  and  fill  in  a  portion  with 
careful  detail. 

2.  Select  a  seminiferous  tubule  which  has  been  sectioned  approxi¬ 
mately  transversely  and  study  with  the  high  power.  Note  the 
arrangement,  size,  and  structure  of  the  spermatogonia,  spermato¬ 
cytes,  spermatids,  and  mature  sperm.  Draw  the  entire  tubule 
in  outline  and  fill  in  a  portion,  showing,  with  careful  detail,  the 
germinal  cells  in  various  stages  of  maturation. 

3.  Examine  the  epididymis  under  high  power.  Note  that  the 
tubules  are  filled  with  mature  sperm.  Draw  a  tubule  to  show  the 
structure  as  observed. 
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OOGENESIS 


1.  Examine  a  fresh  ovary  of  a  Pig  and  note  the  numerous  more  or 
less  transparent  prominences  (Graafian  follicles)  of  various 
sizes  in  which  the  egg  cells  develop.  The  more  mature  follicles 
are  larger  and  more  transparent.  Note  also  the  hard,  yellowish 
substance  (corpora  lutea)  with  which  the  cavity  of  a  follicle  is 
filled  after  the  mature  egg  has  been  discharged.  Make  an  enlarged 
drawing  of  the  entire  ovary  to  show  the  structure  as  observed. 

2.  Examine,  with  the  low  power,  a  prepared  section  of  a  Mouse 
ovary.  Note  the  outer  covering  (germinal  epithelium)  in  which 
the  eggs  are  first  formed  and  from  which  they  move  into  the  body  of 
the  ovary,  wheTe  they  become  surrounded  by  follicle  cells,  and 
thus  form  the  Graafian  follicles.  The  latter  can  be  seen  in  various 
stages  of  development.  In  the  immature  follicles  the  large  central 
egg  is  closely  surrounded  by  several  layers  of  the  follicle  cells.  In 
the  larger,  more  mature  follicles,  a  liquid-filled  cavity  develops 
around  the  egg.  In  close  contact  to  the  egg  are  a  few  layers  of  the 
follicle  cells  which  also  support  it  at  one  point.  Areas  of  the  yel¬ 
lowish  corpora  lutea  can  also  be  seen  in  the  preparation.  The 
ground  substance  of  the  ovary  consists  of  connective  tissue  with 
the  numerous  cells  and  blood  vessels  embedded  in  it.  Draw  the 
entire  ovary  in  outline  and  fill  in  a  portion  to  show  the  structure  as 
observed. 

3.  Select  the  most  mature  follicle  containing  an  egg  with  nucleus 
which  your  preparation  shows.  Study  it  carefully  with  the  high 
power  and  draw  the  entire  follicle  in  detail. 
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FERTILIZATION  AND  MITOSIS 


1.  Examine,  with  the  low  and  the  high  power,  a  prepared  trans¬ 
verse  section  of  the  uterus  of  Ascaris.  Note  the  heavy  uterine  wall 
and  the  central  cavity  containing  many  thick-shelled  eggs  which  are 
in  various  stages  of  mitosis.  Draw  the  entire  section  of  the  uterus 
in  outline  and  then  fill  in  a  sector  to  show  the  details. 

2.  Study  the  preparation  with  the  high  power.  Identify  eggs 
in  the  following  stages  of  mitosis  and  make  a  drawing  of  each  stage 
about  two  inches  in  diameter  : 

I.  Contact  of  the  male  and  female  pronuclei. 

II.  Early  prophase,  with  the  chromatin  in  each  pronucleus  in 
the  form  of  a  long  thread  (spireme),  and  the  centrosomes  at  opposite 
poles  of  the  fusion  nucleus  (synkaryon). 

III.  Late  prophase,  with  the  chromatin  in  the  form  of  definite 
chromosomes,  the  nuclear  membranes  broken  down,  and  the 
spindle  well-developed. 

IV.  Metaphase,  with  the  chromosomes  divided  in  the  equatorial 
plate;  or  anaphase,  with  the  chromosomes  moving  along  the 
spindle  fibers  toward  the  centrosomes. 

V.  Telophase,  with  the  spindle  breaking  down  and  the  cyto¬ 
plasm  of  the  cell  dividing  to  form  two  cells. 

Label  in  each  of  the  above  stages  where  present :  egg  shell, 
CYTOPLASM,  CENTROSOMES,  ASTERS,  SPINDLE  FIBERS,  and  CHROMATIN, 
or  CHROMOSOMES. 
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DEVELOPMENT  OF  THE  FROG  (1) 


1.  Place  an  unsegmented  Frog’s  egg  in  a  watch  glass  containing 
water  and  examine  it,  both  with  the  dissecting  microscope  and  with 
the  low  power  of  the  compound  microscope.  Note  that  the  egg  is 
enclosed  in  a  transparent  jelly,  and  that  it  consists  of  a  dark-colored 
portion  (animal  pole),  which  tends  to  lie  uppermost  in  the  water, 
and  a  lighter-colored  portion  (vegetal  pole).  Make  a  drawing  of 
the  egg  from  the  side,  one  inch  in  diameter,  so  as  to  show  both  poles 
and  the  jelly. 

2.  Examine,  in  the  same  way,  the  following  segmentation  stages 
of  Frog’s  eggs :  2-4  cells,  8  cells,  20-30  cells,  and  many  cells,  or 
BLASTULA.  Note  in  each  stage  the  direction  of  the  cleavage  planes 
and  the  comparative  size  of  the  cells  in  the  animal  and  vegetal 
poles.  Make  a  drawing  of  each  stage  from  the  side,  omitting  the 
jelly. 

3.  Examine,  as  before,  a  Frog’s  egg  in  which  the  growth  of  the 
dark  cells  of  the  animal  pole  over  the  light  cells  of  the  vegetal  pole 
has  begun  (gastrula).  As  this  process  of  gastrulation  continues, 
the  circular  area  (blastopore)  at  the  vegetal  pole  becomes  smaller. 
Finally,  when  gastrulation  is  complete,  the  blastopore  is  very  small, 
and  only  a  tiny  portion  of  the  cells  of  the  vegetal  pole  is  visible  ex¬ 
ternally,  and  this  region  is  known  as  the  yolk  plug.  Draw  the 
gastrula  from  the  vegetal  pole,  showing  the  yolk  plug. 
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DEVELOPMENT  OF  THE  FROG  (2) 

4.  Examine,  in  a  watch  glass  of  water  as  before,  a  later  stage 
in  the  development  of  the  Frog  in  which  the  body  of  the  animal 
has  begun  to  elongate  in  an  anteroposterior  direction.  Note 
that  the  blastopore,  which  was  circular,  has  now  become  a  slit¬ 
like  opening  which  marks  the  posterior  end  of  the  embryo.  Note 
also  the  dorsal,  longitudinal  groove  (neural  groove)  which 
indicates  the  position  of  the  future  central  nervous  system. 
Draw  the  embryo  from  the  posterior  end. 

5.  Examine,  as  before,  still  later  developmental  stages  as  follows : 
(1)  an  embryo  in  which  the  head  and  tail  have  just  become  dif¬ 
ferentiated;  (2)  an  embryo  with  well-developed  external  gills; 

(3)  a  fully-formed,  free-swimming  tadpole,  in  which  the  external 
gills  have  become  covered  by  the  operculum,  leaving  only  a  small 
opening  (spiracle)  on  the  left  side  of  the  animal  in  the  gill  region ; 

(4)  an  embryo  in  an  early  stage  of  metamorphosis,  showing  a  single, 
pair  of  small  hind  legs,  and  (5)  an  embryo  in  a  late  stage  of  meta¬ 
morphosis,  with  both  pairs  of  legs  present  and  the  tail  in  process  of 
absorption.  Draw  each  of  these  embryos  from  the  left  side  and 
label  in  each  stage,  where  developed :  nose,  eye,  mouth,  sucker, 

GILLS,  OPERCULUM,  MUSCLE  PLATES,  BLASTOPORE,  ANUS,  and  TAIL. 
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DEVELOPMENT  OF  THE  CHICK  (1) 


1.  Examine,  with  the  dissecting  microscope  and  with  the  low 
power  of  the  compound  microscope,  a  permanently  mounted  three- 
day  Chick  embryo.  Note  that  the  general  shape  resembles  a 
‘reversed  question-mark’  with  the  head  end  turned  toward  the 
right.  Anteriorly,  the  embryo  is  lying  on  its  left  side  and,  posteriorly, 
on  its  ventral  surface.  On  each  side  of  the  embryo,  note  the 
vascular  area  with  the  large  vessels  (vitelline  arteries  and 
vitelline  veins)  which  enter  the  embryo  near  the  middle  of  the 
body. 

2.  Beginning  at  the  posterior  end  of  the  body,  identify  the 
median  spinal  cord,  and  on  each  side  of  it  the  segmental,  paired, 
muscle  plates  (myotomes)  .  Ascertain  the  number  in  your  specimen. 
Find  the  amnion  which  later  completely  encloses  the  embryo.  At 
this  stage  it  covers  the  anterior  end  of  the  embyro  and  ends  some¬ 
what  posterior  to  the  region  where  the  vitelline  vessels  enter  the 
body. 

3.  Study  the  anterior  end  of  the  embryo  and  locate:  (1)  the 
fore-brain,  with  the  rudiments  of  the  eye  and  nose;  (2)  the 
large,  rather  spherical  mid-brain,  and,  to  the  left,  (3)  the  smaller 
hind-brain,  with  a  large,  dorsal  depression  (fourth  ventricle). 

(4)  The  rudiment  of  the  right  ear  is  situated  near  the  posterior  end 
of  the  hind-brain,  and  appears  as  a  small,  flask-shaped  vesicle. 

(5)  The  twisted,  S-shaped  heart  lies  outside  the  body  wall  in  the 
space  between  the  tip  of  the  head  and  the  curved  portion  of  the 
trunk.  It  consists  at  this  stage  of  (6)  a  large  posterior  ventricle, 
into  which  (7)  the  auricle  opens.  A  portion  of  the  auricle  can  be 
seen  to  the  left.  Leading  from  the  ventricle,  anteriorly,  is  (8) 
the  conus  arteriosus.  It  soon  divides  to  form  a  number  of 
branchial  vessels  which  run  dorsally  between  (9)  the  gill  slits 
to  form  a  portion  of  the  aortic  arches. 

4.  Make  a  full  page  drawing  of  the  entire  embryo  to  show  the 
structures  as  observed. 
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DEVELOPMENT  OF  THE  CHICK  (2) 


1.  Place  an  egg,  which  has  been  incubated  three  days,  in  a  finger- 
bowl  of  warm  (about  38°  C)  normal  salt  solution,  with  the  blunt 
end  pointing  to  your  right.  Hold  the  submerged  egg  firmly  with 
one  hand,  and,  with  the  other,  carefully  insert  the  point  of  the 
scissors  in  the  center  of  the  blunt  end.  Be  very  careful  to  use  only 
the  extreme  tips  of  the  scissors  in  cutting  the  shell.  While  holding 
the  egg  in  the  same  'position  continue  the  cut  entirely  around  the 
egg  a  little  below  the  equator,  and  then  lift  off  the  upper  portion  of 
the  shell,  leaving  the  rest  of  the  egg,  including  the  kwer  portion  of 
the  shell,  with  the  embryo,  immersed  in  the  salt  solution. 

2.  Examine,  with  the  dissecting  microscope,  the  translucent 
embryo  lying  on  the  yolk  in  the  center  of  the  vascular  area,  noting 
how  it  is  placed  with  reference  to  the  long  axis  of  the  egg.  Note  the 
beating  heart,  the  vitelline  arteries  and  veins  which  pass  out 
to  the  side  from  the  middle  of  the  embryo,  and  the  anterior  vitel¬ 
line  vein  which  runs  under  the  anterior  portion  of  the  embryo. 
Determine  the  pulse  rate.  Make  a  drawing  of  the  entire  speci¬ 
men,  with  the  embryo  in  situ,  to  show  the  structures  observed. 

3.  Carefully  make  a  circular  cut,  with  small  scissors,  through 
the  egg  membrane,  just  outside  the  limit  of  the  vascular  area.  With 
fine  forceps  take  hold  of  an  edge  of  the  detached  area  and  very 
gently  separate  it,  with  the  attached  embryo,  from  the  underlying 
yolk.  Hold  the  detached  portion  with  the  forceps,  below  the  sur¬ 
face  of  the  liquid,  and  with  the  other  hand  immerse  a  watch  glass 
in  the  liquid.  Carefully  float  the  embryo  into  the  watch  glass, 
keeping  it  at  all  times  below  the  surface  of  the  liquid.  Gently  raise 
the  watch  glass  and  remove  it,  with  the  embryo  floating  in  it,  entirely 
from  the  finger-bowl,  taking  great  care  not  to  lose  the  embryo. 
With  a  pipet  draw  off  a  considerable  portion  of  the  fluid  around  the 
embryo,  and  replace  it  with  a  fresh  supply  of  warm  salt  solution. 

4.  Examine  the  embryo  with  the  dissecting  microscope,  and 
identify  the  structures  which  you  previously  noted  in  the  permanent 
preparation  of  the  three-day  chick  embryo.  Under  the  low  power 
of  the  compound  microscope  observe  the  movement  of  the  red  blood 
corpuscles  in  the  blood  vessels. 
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A 

Abdomen,  Bee,  157 ;  Crayfish, 
137;  Insects,  152 
Abdominal  appendages,  Crayfish, 
male,  138;  Crayfish,  female,  138 
Abdominal  cavity,  190 
Abdominal  vein,  197 
Acetabulum,  234 
Acromegaly,  204 
Actions,  reflex,  132,  221 
Adaptation,  Amoeba,  16;  Eu- 
glena,  25 ;  Paramecium,  34 
Adipose  tissue,  227 
Adrenals,  204 
Adrenin,  205 
Aerobes,  44 
Air  sacs,  160 
Air  spaces,  Leaf,  93 
Albumen,  Hen’s  egg,  252 
Alcohol,  46 

Alcoholic  fermentation,  52 
Algae,  41 

Alimentary  canal,  Bee,  158 ;  Clam, 
175 ;  Crayfish,  141 ;  Earthworm, 
121 ;  Frog,  190 

Alternation  of  generations,  Fern, 
71-74;  Flowering  Plants,  77, 
94-97;  Moss,  66;  Obelia,  111, 
116 

Alveoli,  teeth,  231 
Amnion,  255 
Amniotic  cavity,  255 
Amoeba,  description,  9-16;  lab¬ 
oratory,  273;  adaptation,  16; 
contractile  vacuole,  10,  14;  ec¬ 
toplasm,  10 ;  egestion,  13 ;  en¬ 


doplasm,  10;  enzymes,  13;  ex¬ 
cretion,  13,  14;  food  selection, 
12;  gastric  vacuole,  11;  life 
history,  16;  life  processes,  11-16; 
mitosis,  15;  movement  in,  7; 
nucleus,  10;  nutrition,  11;  repro¬ 
duction,  15;  respiration,  14; 
structure,  9-1 1 ;  vs.  Parame¬ 
cium,  26. 

Amoeboid  movement,  7,  10 
Amphibia,  184;  Anura,  185;  Uro- 
dela,  184 

Amphimixis,  Paramecium,  32 
Amphioxus,  184 
Amylopsin,  194 

Anabolism,  4  (see  Life  processes) 
Anaerobes,  Bacteria,  44 
Anal  opening,  Clam,  175;  Earth¬ 
worm,  119;  Frog  embryo,  242, 
244 

Anal  spot,  Paramecium,  29 ;  Vor- 
ticella,  38 
Angiospermae,  76 
Angulo-splenial  bones,  231 
Animal  pole,  Frog’s  egg,  238 
Animals,  hermaphroditic,  Earth¬ 
worm,  132 ;  Hydra,  108 
Annelida,  118;  vs.  Arthropoda, 
136 

Annual  rings,  87- 
Annulus,  Fern,  73;  Moss,  68 
Anodonta,  172 
Antenna  cleaner,  155 
Antenna  comb,  155 
Antennae,  Bee,  153,  162;  Cray¬ 
fish,  137,  140 

Antennules,  Crayfish,  137,  140 
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Anterior  chamber,  eye,  220 
Anther,  stamen,  94 
Antheridia,  Fern,  74;  Moss,  67 
Anthrax,  46 

Ants,  polymorphism,  170 
Anura,  185 

Aorta,  Clam,  176;  Frog,  197 
Aortic  loops,  125-127 
Apophysis,  Moss,  68 
Appendages,  Bee,  153-157 ;  Cray¬ 
fish,  137-141 ;  homologous,  136 ; 
pentadactyl,  186,  233,  235  (see 
Legs,  Limbs) 

Appendicular  skeleton,  229,  233 
Aqueous  humor,  220 
Arch,  neural,  232 

Archegonia,  Fern,  74;  Moss,  67 
Aristolochia,  Stem,  85 
Arm,  Frog,  186 

Arteries,  Clam,  176;  Crayfish, 
142,  143;  Frog,  195,  197  (see 
Vascular  system) 

Artery,  umbilical,  258  (see  Vascu¬ 
lar  system) 

Arthrobranchiae,  146 
Arthropoda,  136,  152,  177,  180; 

vs.  Annelida,  136 
Articulating  processes,  232 
Aspergillus,  57 
Assimilation,  12 
Astacus,  146 
Auditory  capsule,  217 
Auditory  organs,  Bee,  163 ;  Cray¬ 
fish,  148;  Frog,  216;  Higher 
Vertebrates,  216 
Auditory  ossicles,  216,  217 
Auricle,  Bee  leg,  157 
Auricles,  Clam,  176;  Frog,  195, 
196 

Autonomic  nervous  system,  205, 
214 

Autotomy,'141 
Aves,  185 


Axial  filament,  37 
Axial  skeleton,  229 
Axone,  213 

B 

Bacillus,  42 

Bacillus  subtilis,  44 ;  tetani,  44 ; 
vulgaris,  45 

Bacteria,  description,  41-49;  lab¬ 
oratory,  283;  aerobes,  44;  an¬ 
aerobes,  44;  bacillus,  42;  Beg- 
giatoa,  43 ;  cell  groups,  43,  47 ; 
cell  wall,  42 ;  chemosynthesis, 
45 ;  coccus,  42 ;  coenogloea, 
48 ;  culture  methods,  48 ;  cyto¬ 
plasm,  42;  decay,  44;  denitri¬ 
fying,  45 ;  enzymes,  43 ;  fer¬ 
mentation,  45 ;  food,  43 ;  Higher, 
43;  identification,  48;  life  pro¬ 
cesses,  43-48;  locomotion,  43; 
mass  reactions,  48,  49;  nitro¬ 
gen-fixing,  45 ;  nuclear  material, 
42;  nutrition,  43;  pathogenic, 
46 ;  reproduction,  47 ;  Spirilla, 
42 ;  spores,  47 ;  structure,  42, 
43 ;  Sulphur,  43 ;  toxins,  47 ; 
zoogloea,  48 
Bacteriology,  48 
Bacterium  aceti,  46 
Bacterium  lactis  acidi,  46 
Balanoglossus  (see  Dolichoglossus) 
Bark,  87 

Basal  disk,  Hydra,  100,  106 
Basidiomycetes,  57 
Basipodite,  138 
Bats,  185 

Bean,  seed,  79;  seedling,  82 
Bee,  description,  152-171 ;  labora¬ 
tory,  329-331 ;  abdomen,  157 ; 
alimentary  canal,  158;  cross 
fertilization  of  plants,  167 ;  de¬ 
velopment,  164;  Drone,  153, 
163;  excretory  system,  161; 
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exoskeleton,  153;  head,  153; 
legs,  154-155 ;  metamorphosis, 
165;  mouth  parts,  153;  nerv¬ 
ous  system,  161 ;  Queen,  153, 
164;  reproductive  system,  163; 
respiratory  system,  159;  sense 
organs,  162 ;  sting,  157 ;  struc¬ 
ture,  external,  152;  swarming, 
165;  thorax,  154;  types,  152; 
vascular  system,  160 ;  wings, 
154;  Worker,  153 
Beggiatoa,  43 

Bell-animalcule  (see  Vorticella) 
Bilateral  symmetry,  Earthworm, 
118 

Bile,  194 

Bile-duct,  188,  194 
Binary  fission,  24 
Biology,  1 

Biramous  appendage,  137 
Birds,  184,  185;  reproductive  or¬ 
gans,  251 
Bivalves,  173 

Bladder,  Clam,  179;  Frog,  189, 
202 

Blastocoel,  Frog,  241 ;  Hen,  253 
Blastoderm,  252,  254 
Blastopore,  242 
Blastostyle,  112 

Blastula,  Earthworm,  135 ;  Frog, 
241 ;  Hen,  253 ;  Hydra,  109 
Blights,  46 
Blind  spot,  220 

Blood,  Bee,  161 ;  Clam,  177 ; 
Crayfish,  142 ;  Earthworm,  125 ; 
Frog,  195 

Blood  corpuscles,  3,  125,  195 
Blood  spaces,  Crayfish  (see  Si¬ 
nuses) 

Blood  vessels,  Bee,  160;  Clam, 
176;  Crayfish,  143;  Earth¬ 
worm,  125 ;  Frog,  195 
Body,  adrenal,  Frog,  189 


Body  wall,  Earthworm,  120 ;  Frog, 
187 

Bombyx  mori,  169 
Bone  tissue,  228 

Bones,  angulo-splenial,  231 ;  cal¬ 
car,  235;  carpal,  234;  clavicle, 
234;  coracoid,  234;  dentary,  231 ; 
exoccipital,  229 ;  femur,  235 ; 
fibula,  235 ;  fronto-parietal,  230 ; 
humerus,  234;  ileum,  234;  is¬ 
chium,  234;  jaw,  230,  231; 
maxillae,  230 ;  metacarpal,  234 ; 
metatarsal,  235 ;  nasals,  230 ; 
palatine,  231 ;  parasphenoid,  230  ; 
phalanges,  234,  235;  premaxil¬ 
lary,  230;  prootic,  229;  ptery¬ 
goid,  231;  pubis,  234;  quad- 
rato-jugals,  230;  radio-ulna, 
234 ;  radius,  234 ;  scapula,  234 ; 
sphenethmoid,  230 ;  squamosal, 
231 ;  tibia,  235 ;  tibio-fibula, 
235;  ulna,  234 
Botany,  1 
Bouton,  154 
Bowman’s  capsule,  202 
Brachial,  arteries,  198 ;  plexus, 
212;  veins,  196 

Brain,  Bee,  161 ;  Crayfish,  148 ; 
Earthworm,  129;  Frog,  205, 
206;  Mammals,  208;  Sheep, 
laboratory,  359 
Branchiae,  Crayfish  (see  Gills) 


Branchial 

chamber,  140, 

145, 

146 

Branchial 

vessels, 

Clam, 

177; 

Crayfish, 

146 

Branchio-cardiac 

canals, 

Cray- 

fish,  145 

Bread-making,  53 
Bread  Mold  (see  Mold) 
Breathing,  200 
Brood  pouch,  181 
Brow  spot,  186 
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Brownian  movement,  6;  labora¬ 
tory,  271 
Brown  Rot,  57 
Bryales,  70 
Bryophyta,  66,  70 
Buccal  cavity,  190;  Frog,  191 
Bud,  description,  88-90;  labora¬ 
tory,  303;  active,  89;  adventi¬ 
tious,  89;  axillary,  89;  Cab¬ 
bage,  90;  Elodea,  89;  Flower, 
89 ;  growing  point,  89 ;  Hickory, 
89;  Ilorsechestnut,  89;  leaf, 
89 ;  leaves,  90 ;  Lettuce,  90 ; 
Lilac,  89,  90;  meristem  tissue, 
89;  mixed,  89,  90;  naked,  89; 
primary  growth,  89 ;  resting, 
89 ;  scaly,  89 ;  secondary  growth, 
90;  stalk,  90;  terminal,  89; 
vernation,  89 
Budding,  Yeast,  52 
Buds,  medusa,  112 
Burrows,  124 

C 

Cabbage,  bud,  90 
Calcar,  235 
Calyx,  93 
Cambarus,  145 
Cambium  ring,  stem,  86 
Canal,  neural,  232 
Canaliculi,  229 
Canals,  semicircular,  217 
Canine  teeth,  231 
Capillaries,  Crayfish,  145;  Earth¬ 
worm,  123;  Frog,  195 
Capsule,  auditory,  217 ;  stinging, 
101 

Carapace,  137 

Carbohydrate,  synthesis  of,  19 
Carbon  cycle,  46 
Cardiac  chamber,  stomach,  141 
Carotid  arteries,  197 
Carpal  bones,  234 


Carpel,  Flower,  94 
Cartilage,  228 ;  bone,  228 ;  hyaline, 
228;  hyoid,  230;  Meckel’s,  231 
Cats,  185 

Cell,  1-8;  cytoplasm,  3;  life 
processes,  4-8;  metabolism,  4; 
movement  in,  5 ;  muscle,  8 ; 
nucleus,  3;  pseudopodia,  7,  10, 
103 ;  sap,  4,  64 ;  a  solid,  2 ;  spe¬ 
cialization,  59,  77,  99,  104,  111; 
structure,  2-4;  Vacuole,  4,  51, 
64;  wall,  3,  18, .20,  22,  42,  50,  63 
Cell  division,  5 ;  Amoeba,  15 ; 
Bacteria,  47 ;  Binary  fission, 
24 ;  Euglena,  24 ;  Mitotic,  lab¬ 
oratory,  377 ;  Paramecium,  30 ; 
Pleurococcus,  20 ;  Spirogyra, 
65;  Vorticella,  39  (see  Cleav¬ 
age,  Mitosis) 

Cell  groups,  Bacteria,  43;  Pleuro¬ 
coccus,  20 

Cells,  absorptive,  123;  basal,  215; 
blood,  125,  195;  bone,  228; 
ciliated,  8,  176-178;  cnido- 

blasts,  101 ;  connective  tissue, 
227 ;  endoderm,  103,  123 ;  epi¬ 
dermal,  120;  epitheliomuscular, 
100,  102 ;  fibroblasts,  227 ;  flag¬ 
ellated,  103;  germinal,  101,  237 ; 
gland,  123;  guard,  92;  inter¬ 
stitial,  101,  215;  muscle,  8, 
224;  nerve,  102,  113,  131,  213; 
nerve,  m«tor,  113,  131 ;  nerve, 
sensory,  113,  131 ;  olfactory, 
215 ;  osteoblasts,  228 ;  palisade, 
92;  sensory,  120;  Spirogyra, 
63 ;  spongy  chlorenchyma,  93 ; 
unbalanced,  99,  104;  Volvox, 
60;  wood,  87 
Central  canal,  207,  209 
Central  cylinder,  83 
Central  nervous  system  (.see  Nerv¬ 
ous  system) 
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Centrosome,  4 ;  of  sperm,  237 
Centrum,  232 
Cephalochorda,  184 
Cephalothorax,  Crayfish,  137 
Cerebellum,  206 
Cerebral  commissure,  180 
Cerebral  ganglion,  Crayfish,  148 ; 
Earthworm,  129;  Honey  Bee, 
161 

Cerebral  hemispheres,  206 
Cerebro-pedal  connective,  180 
Cerebro-pleural  ganglia,  180 
Cerebro-visceral  connective,  180 
Cerebrum,  206 
Chambers,  of  eye,  220 
Chelipeds,  137,  139 
Chemosjmthesis,  45 
Chiasma,  optic,  207,  209 
Chick,  development,  251-255 
Chloragogue  layer,  122 
Chlorella  vulgaris,  105 
Chlorenchyma,  leaf,  91,  93; 

spongy,  93 ;  Stem,  86 
Chlorophyll,  4,  18,  21,  23,  41,  60, 
75,  92,  93 

Chloroplastids,  3 ;  Euglena,  23 ; 
movements,  in  Elodea,  7 ;  Pleur- 
ococcus,  18 ;  Spirogyra,  64 ; 
Volvox,  60 
Cholera,  46 

Chordata,  183-185 ;  Amphioxus, 
184;  Cephalochorda,  184;  Doli- 
choglossus,  184;  Enteropneusta, 
184;  gill  slits,  183;  Lancelet, 
184 ;  nerve  cord,  183 ;  noto¬ 
chord,  183;  Sea-squirts,  184; 
Tunicata,  184;  Vertebrata,  184 
Choroid  layer,  218 
Chromatin,  4,  5 
Chyle,  165 

Cilia,  8;  gills,  Clam,  175,  178, 
179 ;  Paramecium,  8,  27,  34 ; 
Vorticella,  8,  37 


Ciliary  muscles,  220 
Ciliates,  35  (see  Infusoria,  Para¬ 
mecium,  Vorticella) 

Circular  canal,  113 
Circular  muscles,  120,  123,  192 
Circulation,  coelomic,  127  (see 
Vascular  system) 

Circulatory  System  (see  Vascular 
system) 

Circumpharyngeal  connectives, 
129 

Cirri,  8 

Clam,  description  of,  172-182 ; 
laboratory,  335 ;  alimentary 
canal,  175;  coelom,  176;  de¬ 
velopment,  182;  excretory  sys¬ 
tem,  179;  foot,  174;  gills,  174, 
175,  178,  181;  mantle,  174; 
marsupium,  181 ;  nervous  sys¬ 
tem,  180 ;  osphradium,  181 ; 
reproductive  system,  181 ;  res¬ 
piratory  system,  178;  sense 
organs,  180;  shell,  173;  siphons, 
181 ;  structure,  external,  173 ; 
umbo,  173 ;  vascular  system, 
176 

Clavicle,  234 

Cleavage,  of  egg,  Earthworm, 
135;  Frog,  240;  Hen,  252; 
holoblastic,  252,  256 ;  Mam¬ 
mal,  256;  meroblastic,  252  (see 
Cell  division,  Mitosis) 

Clitellum,  120,  134 
Cloaca,  188,  189,  202 
Cnidocil,  101 
Coccus,  42 
Coccyx,  233 
Cochlea,  217 

Cocoon,  Bee,  166;  Earthworm, 
135 ;  Silk  worm,  170 
Cod,  184 

Coelenterates,  118;  Gonionemus, 
112;  Hydra,  99;  Obelia,  111 
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Coelom,  Clam,  176;  Earthworm, 
118,  135;  Frog,  187,  246; 

Higher  Vertebrates,  190;  Mam¬ 
mals,  190;  Mollusca,  176 
Coenogloea,  48 
Coenosarc,  111,  112 
Coleoptile,  80 
Collenchyma,  86 
Colloid  substance,  204 
Colorless  plants,  17  (see  Bacteria, 
Fungi,  Mold,  Yeast) 

Columella,  216 
Communal  life,  152 
Condyles,  occipital,  229 
Cones,  of  eye,  219 
Conjugation,  anisogamous,  39 ; 
isogamous,  39;  Paramecium,  31, 
32;  Vorticella,  39 
Connective  tissues,  description, 
226-229;  laboratory,  367 
Contractile  elements,  Higher  Ani¬ 
mals,  8,  36,  37 ;  Vorticella,  37 
(see  Muscle  tissue) 

Contractile  vacuole,  Amoeba,  10, 
14;  Euglena,  22;  Paramecium, 
28,  30;  Volvox,  60;  Vorticella, 
37,  38 

Contraction,  muscular,  225 
Conus  arteriosus,  196,  197 
Coordination,  of  animals,  220  ; 
Earthworm,  131;  Frog,  220; 
Hydra,  102;  Obelia,  114;  Para¬ 
mecium,  34 
Coracoid,  234 

Corn,  seed,  80 ;  seedling,  82;  stem, 
88 ;  leaf,  91 
Cornea,  218 
Corolla,  94 

Corpuscles,  blood,  125,  195 ;  touch, 
215 

Cortex,  stem,  72,  83,  86 
Corti,  organ  of,  217 
Cotyledons,  76 


Coxa,  155 
Coxopodite,  138 
Cranial  nerves,  205 
Cranium,  229 

Crayfish,  description  of,  136-151 ; 
laboratory,  325-327 ;  abdomen, 
137 ;  alimentary  canal,  141 ; 
appendages,  137-141 ;  cara¬ 
pace,  137 ;  cephalothorax,  137  ; 
development,  150;  excretory 
system,  146;  exoskeleton,  136; 
green  gland,  140,  147 ;  head,  137  ; 
legs,  walking,  137,  139 ;  mouth 
parts,  137 ;  nervous  system, 
147;  reproductive  system,  149; 
respiratory  system,  145 ;  sense 
organs,  139,  140,  148;  struc¬ 
ture,  external,  136-141 ;  thorax, 
137;  vascular  system,  142;  vs. 
Earthworm,  136 
Crocodiles,  185 
Crop,  Earthworm,  122 
Cross  fertilization,  plants,  167 
Crowns,  teeth,  231 
Crura  cerebri,  207 
Culture  methods,  Bacteria,  48 
Cutaneous  artery,  197 
Cuticle,  120 

Cyclosis,  7 ;  Paramecium,  29 ; 

Vorticella,  38 
Cyclostomata,  184 
Cylinders,  stem,  83 
Cyst,  Euglena,  24 
Cytoplasm,  3;  Amoeba,  9;  Bac¬ 
teria,  42 ;  Pleurococcus,  18 ; 
Spirogyra,  63;  Yeast,  50  (see 
Ectoplasm,  Endoplasm,  Proto¬ 
plasm) 

D 

Decay,  nature  of,  44 
Degeneration,  Frog’s  tail,  248 
Dendrites,  213 
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Dental  formula,  teeth,  232 
Dentary  bones,  231 
Dentine,  teeth,  231 
Dermis,  187 

Development,  Chick,  251-255 ; 
Chick,  laboratory,  383-385 ; 
Clam,  182 ;  Crayfish,  150 ;  Fern, 
74 ;  Frog,  240-251 ;  Frog,  lab¬ 
oratory,  379-381 ;  Honey  Bee, 
164;  Hydra,  109;  Mammal,  255  ; 
Moss,  68;  Obelia,  117;  Verte¬ 
brates,  240  (see  Reproduction) 
Diabetes,  205 
Diaphragm,  190 
Dicotyledoneae,  76 
Diencephalon,  206 
Differentiation,  anteroposterior, 
119;  dorsoventral,  119 
Diffusion,  18,  23,  51,  55  (see  Osmo¬ 
sis) 

Digestion,  Amoeba,  12,  13;  Bee, 
159;  Clam,  176;  Crayfish, 
142 ;  defined,  13 ;  Earthworm, 
124 ;  Frog,  193 ;  Gonionemus, 
116;  Hydra,  104;  intercellular, 
103,  116;  intracellular,  103,  116; 
Paramecium,  29 

Digestive  enzymes,  29,  103,  123, 
193,  194 

Digestive  glands,  Crayfish,  142 
Digits,  186 
Diphtheria,  46,  49 
Diplobacillus,  47 
Diploblastic  animal,  100 
Diplococcus,  47 
Disease  carriers,  Insects,  171 
Diseases,  bacterial,  46 
Division  of  labor,  104 
Dogs,  185 
Dolichoglossus,  184 
Downy  Mildew,  57 
Drone  Bee,  153,  163 
Drone-cells,  168 


Duck-bill,  255 

Ductless  glands  (see  Endocrine 
system) 

Duodenal  vein,  198 
Duodenum,  192,  194 
Dura  mater,  208 

“Dutchman’s  pipe”  (see  Aristo- 
lochia) 

E 

Ear,  Frog,  186,  191,  216-217 ; 

Mammal,  216-217 
Earthworm,  description  of,  118, 
135;  laboratory,  317-323;  ali¬ 
mentary  canal,  121 ;  bilateral 
symmetry,  118;  burrows,  124; 
clitellum,  120,  134;  coelom,  118, 
121,  135;  excretory  system,  128; 
hermaphroditism,  132 ;  metam¬ 
erism,  118;  nephridia,  126, 
128,  202 ;  nervous  system,  129 ; 
reflex  action,  131 ;  regeneration, 
135;  reproductive  system,  132; 
respiratory  system,  128;  seg¬ 
mentation,  118;  structure,  ex¬ 
ternal,  119;  typhlosole,  122; 
Vascular  system,  125 ;  vs.  Cray¬ 
fish,  136. 

Echidna,  255 

Ectoderm,  Chick,  253 ;  Earth¬ 
worm,  118,  135;  Frog,  242,  246; 
Gonionemus,  113;  Frog,  242; 
Hydra,  100;  Obelia,  112 
Ectoplasm,  3,  8;  Amoeba,  9,  10, 
16;  Euglena,  22;  Paramecium, 
27;  Volvox,  60;  Vorticella,  37 
Efferent  nerves,  311 
Egestion,  12,  30,  38,  105,  124;  vs. 
excretion,  13 

Egg,  cleavage  (see  Cleavage) 

Eggs,  Bee,  164,  165;  Clam,  181; 
Crayfish,  150;  Earthworm,  133; 
Fern,  74;  Flowering  Plant, 
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96 ;  Frog,  237 ;  Gonionemus, 
117;  Hen,  251;  Hydra,  108; 
Mammal,  256 ;  Moss,  67 ;  Vol- 
vox,  62 

Elasmobranchii,  184 
Elastic  tissue,  227 
Elm,  seed,  81 
Elodea  canadensis ,  7 
Elodea,  description,  7 ;  laboratory, 
228,  303 ;  bud,  89 
Embryo,  Clam,  182;  Crayfish, 
151  (see  Development) 

Embryo  sac,  Flowering  Plants,  96 
Embryo,  seed,  79,  80 
Embryo,  sporophyte,  96 
Endocrine  system,  Frog,  203 ; 

adrenals,  189;  thyroid,  248 
Endoderm,  Chick,  253 ;  Earth¬ 
worm,  118,  135;  Frog,  242,  246; 
Gonionemus,  114;  Hen’s  egg, 
253 ;  Hydra,  100,  103 ;  Obelia, 
112 

Endolymph,  217 
Endomixis,  31 

Endoplasm,  3;  Amoeba,  9,  10; 
Euglena,  22 ;  Paramecium,  28 ; 
Volvox,  60;  Vorticella,  38 
Endopodite,  138 
Endoskeletal  structures,  226 
Endosperm,  seed,  80,  96 
Endosperm  nucleus,  96 
Enteric  cavity,  Frog,  242 ;  Go¬ 
nionemus,  113;  Hydra,  100,  106; 
Obelia,  112 

Enteropneusta,  184;  Dolicho- 
glossus,  184 

Enzymes,  Amoeba,  13;  Bacteria, 
43;  Frogs,  192,  193;  Mold, 

55;  Yeast,  52 

Epidermis,  Earthworm,  120 ;  Fern, 
72 ;  Flowering  Plants,  83 ;  Frog, 
187,  laboratory,  269;  leaf,  2,  91, 
92,  93  ,*  laboratory,  267 ;  Root, 


83 ;  Stem,  85 ;  trees,  87  (see 
Epithelium) 

Epipharynx,  153 
Epipodite,  138 
Epistome,  36 

Epithelium,  coelomic,  120;  ger¬ 
minal,  237 ;  Hydra,  100 ;  lining, 
123;  olfactory,  215  (see  Epider¬ 
mis) 

Equilibration,  Crayfish,  148;  Frog, 
216;  Gonionemus,  114 
Erysipelas,  46 

Esophogus  (see  Oesophagus) 
Euglena,  26 ;  description  of,  21-25 ; 
laboratory,  277 ;  adaptation,  25 ; 
cell  wall,  22;  chlorophyll,  21, 
23 ;  contractile  vacuole,  22 ; 
ectoplasm,  22 ;  encystment,  24 ; 
endoplasm,  22 ;  excretion,  24 ; 
flagellum,  22 ;  gullet,  22 ;  move¬ 
ment,  7,  22;  nucleus,  23;  nu¬ 
trition,  23 ;  phototropism,  25 ; 
pyrenoids,  23 ;  reproduction,  24 ; 
stigma,  23,  25 ;  structure,  21,  23 
Eustachian  tube,  191,  216 
Eutheria,  256 

Excretion,  Amoeba,  14 ;  Bee,  161 ; 
Clam,  179;  Crayfish,  146; 
Earthworm,  128;  Euglena,  24; 
Frog,  203,  250;  Hj'dra,  106; 
Mammalian  embryo,  258 ;  Para¬ 
mecium,  30;  vs.  egestion,  13; 
Vorticella,  38;  Yeast,  51 
Exoccipital  bones,  229 
Exopodite,  138 

Exoskeleton,  Bee,  153;  Crayfish, 
136;  Turtle,  226;  Vertebrates, 
226 

Eyebrush,  156 

Eye,  Bee,  153,  163 ;  Crayfish, 
137,  149;  Frog,  186,  218; 

Sheep,  laboratory,  361 
Eye  spot,  Euglena,  23,  25 
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F 

Fascia,  224 

Fasciculi,  224 

Fat  body,  189,  236,  237 

Fat,  synthesis,  19 

Fatty  tissue,  227 

Feathers,  185,  226 

Femoral  veins,  197 

Femur,  Bee,  155;  Frog,  223,  235 

Fermentation,  alcoholic,  53 

Ferments  (see  Enzymes) 

Fern,  description,  71-75;  labora¬ 
tory,  295;  alternation  of  gen¬ 
erations,  71,  72;  annulus,  73; 
ant.heridia,  74;  archegonia,  74; 
fronds,  72 ;  gametophyte,  73 ; 
indusium,  73 ;  leaves,  72,  73 ; 
life  processes,  75;  prothallus, 
73;  reproduction,  71,  72;  rhi¬ 
zome,  72 ;  sori,  73 ;  sporophyte, 
72;  structure,  72-74 
Fertilization,  Ascaris,  laboratory, 
377;  Bee,  165;  Clam,  182; 
Crayfish,  150;  cross,  132; 
Earthworm,  135;  Fern,  74; 
Flowering  Plants,  96,  167 ;  Frog, 
240;  Gonionemus,  117;  Hen, 
252;  Hydra,  108,  109;  Moss, 
68;  Paramecium,  32,  33;  Vol- 
vox,  62;  Vorticella,  40 
Fibers,  giant,  130 
Fibroblasts,  227 
Fibrous  tissue,  white,  226 
Fibula,  235 

Filaments,  gill,  178;  stamen,  94 
Fishes,  184 

Fission,  binary,  24 ;  in  Hydra,  107 
Fissure,  dorsal,  208;  ventral,  209 
Flagellates,  21 

Flagellum,  6;  Euglena,  22;  Vol- 
vox,  60 

Flexure,  cervical,  255 


Flower,  description,  93-97 ;  lab¬ 
oratory,  307 ;  anther,  94;  bud, 
89 ;  calyx,  93 ;  carpel,  94 ; 
corolla,  94 ;  fertilization,  96 ; 
fertilization,  cross,  167;  mi¬ 
crosporangium,  94 ;  micro¬ 
spores,  94;  ‘ovary,’  94;  ovule 
case,  94 ;  ovules,  94 ;  perianth, 
94 ;  petals,  94 ;  pistil,  94 ;  pollen, 
94 ;  receptacle,  93 ;  sepals,  93 ; 
stamens,  94 ;  stigma,  94 ;  struc¬ 
ture,  93;  style,  94 
Flowering  Plants,  description, 
76-98;  laboratory,  297-309 ;  al¬ 
ternation  of  generations,  77, 
94-97 ;  Angiospermae,  76 ;  an¬ 
nual,  85 ;  biennial,  85 ;  bud, 
88;  central  cylinder,  83;  cor¬ 
tex,  83;  cotyledons,  76;  Di- 
cotyledoneae,  76;  embryo  sac, 
96;  endosperm,  96;  epidermis, 
83 ;  flower,  93 ;  fruit,  97 ;  funic¬ 
ulus,  96;  gametophyte,  95, 
96;  Gymnospermae,  76;  heter- 
ospory,  95;  leaf,  90;  Mono- 
cotyledoneae,  76;  nucellus,  96; 
ovules,  96;  perennial,  85;  pollen, 
95 ;  pollen  tube,  95 ;  resting  pe¬ 
riod,  97 ;  root,  83,  84 ;  seed,  78, 
96 ;  seedling,  82 ;  sperm,  95 ; 
spores,  95;  sporophyte,  78,  96; 
stele,  83 ;  stem,  84 ;  woody  stem, 
87 

Foetal  membranes,  Chick,  255 ; 

Mammal,  257 
Follicle,  Graafian,  237 
Follicles,  thyroid,  204 
Food  (see  Nutrition) 

Foot,  Clam,  174;  Frog,  186;  Mol- 
lusca,  172 

Foramen  magnum,  229 
Foramen  of  Monro,  208 
Foramina,  brain,  207 
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Fore-brain,  206,  244 
Fore  limb,  186,  234 
Fovea  centralis,  220 
Frog,  description,  183-239;  lab¬ 
oratory,  237-345,  349.  353-357 ; 
alimentary  canal,  190;  coelom, 
187,  246;  development,  240- 
251 ;  endocrine  system,  189, 
203 ;  excretory  system,  201 ; 
life  processes,  embryonic,  249; 
limbs,  186,  234,  235;  metamor¬ 
phosis,  247 ;  muscular  system, 
222;  notochord,  243,  244;  nerv¬ 
ous  system,  205;  nerve  tissue, 
histology,  213;  reflex  action, 
221;  reproductive  system,  236; 
respiratory  system,  200;  sense 
organs,  206,  214 ;  skeleton,  229 ; 
structure,  external,  185-187  ; 
structure,  internal,  187-190 ; 
supporting  tissues,  226 ;  tad¬ 
pole,  structure,  246 ;  trunk,  185; 
vascular  system,  195 
Fronds,  72 

Fronto-parietal  bones,  230 
Fruit,  description,  97-98;  labora¬ 
tory,  309 ;  berry  type,  97 ;  dried, 
97 ;  fleshy,  97 ;  function,  97 ; 
pome  type,  98 ;  stone  type,  98 
Fungi,  56;  pathogenic,  57  (see 
Bacteria,  Mold,  Yeast) 

Funiculi,  nerve,  213 
Funiculus,  96 

G 

Gall-bladder,  188 
Galls,  46 

Gametophyte,  Fern,  73 ;  Flower¬ 
ing  Plant,  94,  96 ;  Moss,  66 
Ganglia,  Bee,  161 ;  cerebro-pleural, 
180 ;  Clam,  180 ;  Crayfish,  147 ; 
Earthworm,  129;  Frog,  211, 
214;  fusion  of,  in  Crayfish,  147 


Ganglion,  cerebral,  129,  148,  161 ; 
dorsal,  211;  pedal,  180;  prootic, 
210;  suboesophageal,  130;  vis¬ 
ceral,  180 

Gaseous  interchange,  respiration, 
201 

Gastric  mill,  142 

Gastric  vacuoles,  Amoeba,  11,  13; 

Paramecium,  28;  Vorticella,  27 
Gastric  vein,  198 

Gastrula,  Earthworm,  135;  Frog, 
241;  Hen,  253;  Hydra,  110 
Gemmae,  69 

Genital  aperture,  Clam,  181 
Germinal  cells  (see  Eggs,  and 
Sperm) 

Germinal  epithelium,  237 
Germination  of  seeds,  80 
Germ  layers,  primary,  100 ;  Chick, 
253;  Earthworm,  118,  135; 

Frog,  242;  Hydra,  100 
Gill  chamber,  140,  145,  146 
Gill  plate,  243 

Gill  slits,  Chordata,  183 ;  Frog, 
243 ;  Chick,  255 

Gills,  Clam,  174,  175,  178,  181; 
Crayfish,  144,  145,  146;  Frog, 
250,  Chick,  255 

Girdles,  pectoral,  233,  234;  pel¬ 
vic,  234 
Gizzard,  122 

Glands,  accessory,  164 ;  calcifer- 
ous,  122 ;  combination,  205 ; 
ductless  (see  Endocrine  system) ; 
in  alimentary  canal,  192 ;  mam¬ 
mary,  185,  256;  mucous,  187; 
poison,  158,  187 ;  spinning,  Bee, 
166 ;  thyroid,  203 
Glenoid  fossa,  234 
Glochidium,  182 
Glomerulus,  202 
Glottis,  190,  200 
Glycogen,  194 
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Gonads,  Bee,  163,  164;  Clam,  175, 
181 ;  Crayfish,  149,  150 ;  Earth¬ 
worm,  132,  133 ;  Frog,  189,  205 ; 
Gonionemus,  113;  Hen,  251; 
Hydra,  107 
Gonangia,  111,  112 
Gonionemus,  description,  112-117 ; 
laboratory,  315;  a  Medusa,  112  ; 
circular  canal,  113;  develop¬ 
ment,  117;  ectoderm,  113;  en- 
doderm,  114;  enteric  cavity, 
116;  locomotion,  114;  manu¬ 
brium,  113;  mesogloea,  114,  115; 
mouth,  113;  nematocysts,  113; 
nerve  cells,  113;  nerve  rings, 
114;  nutrition,  115;  oral  lobes, 
113;  planula,  117;  radial  ca¬ 
nals,  113;  reproduction,  117; 
sense  organs,  114;  statocysts, 
114;  swimming  movement,  114 ; 
velum,  113 
Gonorrhea,  46 
Go  notheca,  112 
Graafian  follicle,  237 
Grasshopper,  metamorphosis,  169 
Green  gland,  140,  147 
Ground  substance  (see  Matrix) 
Growing  point,  bud,  89 ;  Root,  83 
Growth,  and  reproduction,  15; 
intussusception,  14 ;  primary, 
89;  secondary,  90;  spring,  in 
trees,  87 ;  summer,  in  trees,  87 
Guard  cells,  92 

Gullet,  Euglena,  22 ;  Frog,  191 ; 

Paramecium,  27 ;  Vorticella,  37 
Gymnospermae,  76 

H 

Haematochrome,  23 
Haemoglobin,  195 
Hair,  185,  226 

Hairs,  branched,  Bee,  155 ;  conoid, 
162 


Hand,  186 

Hard  Clam,  172 

Hay  Bacillus,  44,  47 

Head,  Bee,  153 ;  Crayfish,  137 ; 

Frog,  185;  Insect,  152 
Head  fold,  254 
Head  process,  253 
Heart,  Bee,  160;  Clam,  175,  176; 
Crayfish,  142,  143,  144;  Earth¬ 
worm,  125 ;  Fish,  195 ;  Frog, 
188,  195,  196,  245;  Mammal, 
195;  Pig,  laboratory,  347 
Hen,  development,  251-258;  lab¬ 
oratory,  383,  385;  egg,  251; 
ovary,  251;  oviduct,  251 
Hepaticae,  70 

Hepatic  ducts,  Crayfish,  142 ;  Frog, 
188 

Hepatic  portal  system,  198 
Hepatic  veins,  197 
Hermaphrodites,  108,  132 
Heterospory,  Flowering  Plants, 
95 

Hickory,  bud,  89 
Hilum,  79 
Hind-brain,  244 
Hind  limb,  186,  234,  235 
Holophytic  nutrition,  18  (see  Nu¬ 
trition,  Holophytic) 

Holozoic  nutrition,  11  (see  Nutri¬ 
tion,  Holozoic) 

Homologous  appendages,  136 
Honey  Bee  (see  Bee) 

Honey-cells,  168 
Honeycomb,  167 
Honey,  formation  of,  168 
Honey  sac,  159 
Hormones,  199,  203,  248 
Horse  Chestnut,  bud,  89 
Horse,  185 ;  limbs,  236 
Horsetails,  71 
House-fly,  171 
I  Humerus,  234 
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Humor,  aqueous,  220 ;  vitreous, 
220 

Hyaline  cartilage,  228 
Hydra,  description,  99-110;  lab¬ 
oratory,  311;  basal  disk,  100, 
106;  budding,  106;  cnidoblasts, 
101 ;  cnidocil,  101 ;  coordina¬ 
tion,  102 ;  development,  109 ; 
division  of  labor,  104;  ecto¬ 
derm,  100;  endodcrm,  100,  103; 
enteric  cavity,  100,  106;  epithe- 
liomuscular  cells,  100,  102 ; 

excretion,  106;  gonads,  108; 
hermaphroditic,  108;  hypo- 
stome,  100;  interstitial  cells, 
101,  102;  life  processes, 

104-110;  locomotion,  102;  mes- 
ogloea,  100,  101 ;  mouth,  100, 
106;  nematocysts,  101,  102; 
nerve  cells,  102 ;  nerve  net,  102 ; 
nutrition,  104;  ovary,  108; 
primary  germ  layers,  100;  re¬ 
generation,  107;  reproduction, 
106;  respiration,  106;  stinging 
capsules,  101 ;  structure,  99- 
104;  symbiosis,  105;  tentacles, 
100;  testis,  108;  vs.  Jelly-fish 
type,  115;  vs.  Volvox,  99 
Hydra  viridis,  105 
Hydranths,  111 
Hydrocarbon,  synthesis,  19 
Hydrocauli,  111,  116 
Hydrorhiza,  111,  116 
Hyoid  cartilage,  230 
Hyphae,  54 
Hypocotyl,  79 
Hypopharynx,  154 
Hypophysis,  204,  207 
Hypostome,  100 

I 

Ileum,  192,  234 
Incisors,  teeth,  231 


Incubation,  Hen’s  egg,  253 
Incus,  216 
Indusium,  73 
Infundibulum,  204,  207 
Infusoria,  8,  26  (see  Ciliates) 
Ingestion,  12 
Inner  cell  mass,  257 
Inner  chamber,  220 
Insects,  152  (see  also  Bee) ;  ab¬ 
domen,  152;  communal  life, 
152;  disease  carriers,  171;  eco¬ 
nomic  importance,  170;  head, 
152;  House-fly,  171;  larva, 
damage  by,  169;  metamor¬ 
phosis,  169;  Mosquito,  171; 
nymphs,  169;  polymorphism, 
170;  respiratory  system,  152; 
Silk  worm,  169;  structure,  152; 
thorax,  152;  trachea,  152;  legs, 
152 

Insulin,  205 

Interfilamental  junctions,  178 
Interlamellar  junctions,  178 
Internal  secretions  (see  Hormones) 
Internodes,  82 
Intestinal  vein,  198 
Intestinal  wall,  Earthworm,  122 ; 
Frog,  192 

Intestine,  Bee,  159;  Clam,  175; 
Crayfish,  142 ;  Earthworm,  122 ; 
Frog,  188,  192 

Intussusception,  growth  by,  14 
Invertebrates,  183 
Iris,  219 
Ischium,  234 

J 

Jellyfish,  Obelia,  112;  vs.  Hydra, 
115  (see  Gonionemus) 

Jugular  veins,  196 

K 

Kangaroo,  256 
Karyoplasm,  4 
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Katabolism,  4  (see  Life  processes) 
Kidney,  Bee,  161 ;  Crayfish,  140, 
147 ;  Earthworm,  126 ;  Frog, 
189,  197,  201 ;  laboratory,  349, 
351 ;  Pig,  laboratory,  351 ;  Clam, 
179;  Mammal,  251 
Koch,  48 

L 

Labial  palps,  175 

Labium,  154 

Labrum,  153,  154 

Labyrinth,  membranous,  217 

Lacunae,  cartilage,  228;  leaf,  98 

Lamellae,  bone,  229;  gills,  178 

Lamina,  91 

Lampreys,  184 

Lancelet,  184 

Larva,  Bee,  165;  Caterpillar,  333; 
nymph,  169 ;  Insect,  damage, 
169 ;  Silk  worm,  169 
Larval  period,  Bee,  166 
Laryngo-tracheal  cavity,  200 
Lateral  folds,  254 
Lateral  plate,  245 
Leaf,  description,  90-93 ;  labora¬ 
tory,  305;  air  spaces,  93;  base, 
91;  blade,  91;  bud,  89,  90; 
chlorenchyma,  91,  93;  Corn, 
91 ;  epidermis,  91-93 ;  Fern, 
72 ;  gaseous  interchange,  93 ; 
guard  cells,  92 ;  lacuna,  93 ; 
lamina,  91 ;  mid-rib,  91 ;  Moss, 
67 ;  palisade  cells,  92 ;  petiole, 
91;  Rose,  91,  92;  scale,  90; 
spongy  chlorenchyma,  93 ; 
spongy  tissue,  93 ;  stipules,  91 ; 
stoma,  92 ;  transpiration,  92 ; 
vascular  tissue,  91,  93;  vena¬ 
tion,  91 
Leaflet,  72 

Legs,  Bee,  154;  Crayfish,  137, 
139;  Insect,  152  (see  Appen¬ 


dages,  Limbs) ;  structure,  Bee, 
155 

Lens,  220 
Lettuce,  bud,  90 
Leucocytes,  195 
Lichens,  57 

Life  processes,  Amoeba,  11-16; 
Bacteria,  43-48 ;  cells,  4-8 ; 
Euglena,  23-25 ;  Fern,  75 ;  Frog 
embryo,  249;  Hydra,  104-110; 
Mold,  55,  56 ;  Moss,  69 ;  Obelia, 
115-117;  Paramecium,  28- 
35;  Pleurococcus,  18-20;  Spiro- 
gyra,  64-65;  Volvox,  60;  Vor- 
ticella,  38-40;  Yeast,  51-53 
Ligaments,  227 
Ligula,  154 
Lilac  bud,  89,  90 
Limb  girdles,  233 

Limbs,  comparison  of  Vertebrate, 
235;  Frog,  186;  Frog,  develop¬ 
ment,  248;  Horse,  236;  penta- 
dactyl,  185,  233,  235;  Verte- 
brata,  185  (see  Appendages, 
Legs) 

Linin  fibers,  4 
Lipase,  194 

Liver,  Clam,  175;  diverticulum, 
Frog,  244;  Frog,  188,  194,  198, 
205,  244;  functions,  194;  gly¬ 
cogen,  194;  urea  formation, 
195 

Liverworts,  70 

Living  matter  (see  Protoplasm) 
Living  organism,  architecture  of,  3 
Lizards,  185 
Lockjaw,  44,  46 

Locomotion,  Amoeba,  10;  Bac¬ 
teria,  43;  Clam,  174;  Euglena, 
22;  Gonionemus,  114;  Hydra, 
102;  Paramecium,  34;  Vor- 
ticella,  38;  Volvox,  60 
Loops,  aortic,  125-127 
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Lungs,  development,  248 ;  Frog, 
188,  196,  200 
Lycopods,  71 
Lymph,  199 
Lymph  hearts,  199 
Lymph  spaces,  125,  127,  195 

M 

‘Macrogamete,’  39 
Macronucleus,  Paramecium,  28, 
31;  Vorticella,  37 
Malaria,  171 
Malleus,  216 
Malpighian  body,  202 
Malpighian  tubules,  161 
Mammals,  184,  185 ;  abdominal 
cavity,  190;  brain,  208;  coe¬ 
lom,  190;  cranial  nerves,  211; 
development,  255 ;  diaphragm, 
190;  ear,  216;  eggs,  256;  kid¬ 
neys,  251;  oviducts,  256;  ovip¬ 
arous,  256 ;  placenta,  257 ; 
respiration,  201 ;  respiratory 
movements,  200 ;  skull,  231 ; 
sperm,  256;  spinal  nerves,  211; 
teeth  in,  231 ;  thoracic  cavity, 
190;  vertebral  column,  233; 
viviparous,  256  (see  Vertebrates) 
Mammary  glands,  256 
Man,  185  (see  Mammals) 
Mandibles,  Bee,  153 ;  Crayfish, 
140,  141 
Mantle,  174 
Mantle  cavity,  174,  178 
Manubrium,  113 
Marrow,  bones,  228 
Marsupium,  Clam,  181 ;  Mam¬ 
mals,  256 
Mastigophora,  21 
Matrix,  226 

Maxillae,  Bee,  154;  Crayfish,  140; 
Frog,  230 


Maxillipeds,  139 
Meckel’s  cartilage,  231 
Medulla  oblongata,  206 
Medullary  folds,  243,  254 
Medullary  rays,  87 
Medusa,  Obelia,  112,  113  (see 
Gonionemus) 

Megasporangium,  96 
Megaspores,  95 
Membrana  granulosa,  237 
Membrane  bone,  228 
Membranes,  foetal,  255;  vitelline, 
237 

Membranous  labyrinth,  217 
Mentum,  154 

Meristem,  bud,  89;  root,  83; 

stem,  87 
Mesenteries,  189 

Mesoderm,  100 ;  Chick,  253 ; 
Earthworm,  135;  Frog,  242, 
245,  247  (see  Germ  layers, 
primary) 

Mesogloea,  Gonionemus,  114,  115; 
Hydra,  100,  101,  110;  Obelia, 
112 

Mesonephroi,  202,  251 
Mesothorax,  154 
Mesovarium,  251 

Metabolism,  4  (see  Life  processes) 
Metacarpal  bones,  234 
Metagenesis,  Obelia,  111  (see 
Alternation  of  generations) 
Metamerism,  118 

Metamorphosis,  Bee,  165 ;  com¬ 
plete,  165 ;  direct,  165 ;  Frog, 
247 ;  Grasshopper,  169 ;  in¬ 
complete,  165;  Insects,  169; 
Tadpole,  247 
Metanephroi,  251 
Metaplasm,  4,  10,  28 
Metatarsal  bones,  235 
Metatarsus,  155 
Metatheria,  256 


INDEX 


401 


Metathorax,  154 
Metazoa,  59,  99 
Microbacillus,  47 
Micrococcus,  47 
Microgamete,  39 

Micronucleus,  Paramecium,  28, 
31 ;  Vorticella,  37 
Microsporangium,  flower,  94 
Microspores,  flower,  94;  Flower¬ 
ing  Plants,  95 
Mid-brain,  Frog,  206,  244 
Midrib,  91 
Mimosa  pudica,  6 
Mitosis,  5 ;  Ascaris,  laboratory, 
377  (see  Cell  division,  Cleavage) 
Molar,  teeth,  231 

Mold,  description,  54-56;  labora¬ 
tory,  287 ;  enzymes,  55 ;  hy- 
phae,  54;  nutrition,  55;  re¬ 
production,  55,  56 ;  sporangia, 
55;  sporangiophores,  55;  spo¬ 
rangium,  56 ;  spores,  56 ;  sto¬ 
lons,  55 ;  structure,  54 ;  zygo¬ 
spore,  56;  zygote,  56 
Molds,  Blue  and  Green,  56 
Mollusca,  Characteristics,  172 ; 

coelom,  176  (see  Clam) 

Monkeys,  185 
Monocotyledoneae,  76 
Morula,  257 
Mosquito,  171 

Moss,  description,  66-70;  labora¬ 
tory,  293 ;  alternation  of  gen¬ 
erations,  66;  annulus,  68;  an- 
theridia,  67 ;  apophysis,  68 ; 
archegonia,  67 ;  gametophyte, 
66 ;  gemmae,  69 ;  leaves,  67 ; 
life  processes,  69 ;  operculum,  68 ; 
protonema,  69 ;  reproduction, 
66 ;  rhizoids,  67 ;  Sphagnum, 
70;  sporophyte,  68;  structure, 
66 ;  vegetative  reproduction,  69 ; 
venter,  67 


Moth,  169;  laboratory,  333 
Motor  nerves,  211 
Motor  response,  34 
Moulting,  Bee,  166;  Crayfish,  151 
Mouth,  Amoeba,  12;  Bee,  158; 
Clam,  175 ;  Crayfish,  141 ; 
Earthworm,  119;  Frog,  186, 
190,  244;  Gonionemus,  113; 
Hydra,  100,  106;  Obelia,  112; 
Vorticella,  36 

Mouth  parts,  Bee,  153,  158 ;  Cray¬ 
fish,  137,  141 

Movement,  amoeboid,  7.  10; 
Brownian,  6 ;  Elodea,  7 ;  eugle- 
noid,  8,  22;  intracellular,  6-8; 
muscular,  8,  225;  protoplasmic, 
5 ;  Sensitive  Plant,  6 ;  Sphae- 
rella,  7  (see  Locomotion) 
Mucosa,  192 
Musci,  70 

‘Muscle-nerve  preparation,’  225 
Muscle  tissue,  8,  36,  37 ;  descrip¬ 
tion,  222-226;  laboratory,  365 
Muscles,  abductor,  223 ;  adduc¬ 
tor,  173;  cardiac,  222,  224; 
ciliary,  220;  circular,  120,  123; 
contraction  of,  225;  depressor, 
223;  extensor,  223;  eye,  218; 
flexor,  223 ;  gastrocnemius,  223 ; 
histology,  224;  insertion,  223; 
involuntary,  222;  longitudinal, 
120,  123;  levator,  223;  levator 
bulbi,  218;  non-striated,  222; 
oblique,  218;  origin,  223;  recti 
bulbi,  218;  retractor  bulbi,  218; 
striated,  222,  223;  striated,  his¬ 
tology,  224 ;  voluntary,  222 
Musculo-cutaneous,  veins,  196 
Mushrooms,  57 
Mussel,  172  (see  Clam) 

Mycelium,  57 
Myonemes,  37 

Myotomes,  Chick,  254;  Frog,  245 
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N 

Nails,  226 

Nares,  external,  186,  215;  internal, 
191 

Nasal  bones,  230 

Neck,  185 

Nectar,  159,  168 

Nematocysts,  Gonionemus,  113; 
Hydra,  101,  102 

Nephridia,  Earthworm,  126,  128, 
129,  179,  202 ;  modified,  in  Clam, 
179 

Ncphrostomc,  128 

Nerve  cells,  afferent,  131 ;  Earth¬ 
worm,  131 ;  efferent,  131 ;  Frog, 
213;  Gonionemus,  113 ;  Hydra, 
102;  motor,  131;  sensory,  131 

Nerve  cord,  Bee,  161 ;  Chordata, 
183 ;  Crayfish,  147 ;  Earth¬ 
worm,  129-131 

Nerve  net,  102 

Nerve  rings,  114 

Nerve  tissue,  functions,  102,  220; 
histology,  213 ;  histology,  labora¬ 
tory,  363 

Nerves,  abducens,  210;  afferent, 
211;  auditory,  210;  cranial, 
205,  209,  211;  afferent,  211; 
facial,  210;  glossopharyngeal, 
210;  hypoglossal,  211 ;  hyoman- 
dibular,  210 ;  maxillo-mandibu- 
lar,  210;  medullated,  213;  mo¬ 
tor,  211;  non-medullated,  213; 
oculomotor,  209 ;  olfactory,  206, 
209;  opthalmic,  210 ;  optic,  207, 
209,  219;  palatine,  210;  ramus 
communicans,  214 ;  sciatic,  212; 
sensory,  211;  spinal,  Frog,  205; 
trigeminal,  210;  trochlearis,  209  ; 
vagus,  210 

Nervous  system,  Bee,  161 ;  Chick, 
development,  254 ;  Clam,  180 ; 


Crayfish,  147;  Earthworm,  129; 
Frog,  205 ;  Frog  development, 
243;  functions,  102,  220 
Neural  arch,  232 
Neural  canal,  205,  232 
Neural  spine,  232 
Neural  tube,  206,  243,  254 
Neurilemma,  213 

Neuromotor  apparatus,  Parame¬ 
cium,  35 

Neurones,  131  (see  Nerve  cells) 
Nodes,  82 

Nostrils,  186  (see  Nares) 
Notochord,  183,  184,  243,  244 
Nucellus,  96 

Nuclear  material,  Bacteria,  42; 

reorganization,  16,  31,  40 
Nuclear  membrane,  4 
Nucleolus,  4 

Nucleus,  3;  Amoeba,  10;  Bac¬ 
teria,  42;  endosperm,  96;  Eu- 
glena,  23 ;  Mold,  55 ;  Parame¬ 
cium,  28;  Pleurococcus,  18; 
Spirogyra,  64;  tube,  95;  Vol- 
vox,  60 ;  Vorticella,  37 ;  Yeast,  51 
Nuptial  Flight,  165 
Nutrition,  Amoeba,  11;  Bacteria, 
43 ;  Bee,  159 ;  Chick  embryo, 
255 ;  Clam,  175  ;  Crayfish,  142  ; 
Earthworm,  124 ;  embryonic, 
250,  255,  257 ;  Euglena,  23 ; 
Frog,  193 ;  Frog  embryo,  250 ; 
Gonionemus,  115;  holophytic 

11,  18,  23,  60,  64,  69,  75  (see 
Photosynthesis);  holozoic,  11, 

12,  28,  38,  104;  Hydra,  104; 
Mammal  embryo,  257 ;  Mold, 
55 ;  Moss,  69 ;  Obelia,  1 15 ;  Para¬ 
mecium,  28;  Pleurococcus,  18; 
saprophytic,  23,  41,  43,  51,  55; 
Saprozoic,  23;  Spirogyra,  64; 
Volvox,  60;  Vorticella,  38; 
Yeast,  51 
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Nutritive  zooids,  115,  116 
Nymphs,  169 

O 

Obelia,  description,  111-117;  lab¬ 
oratory,  313;  alternation  of 
generations,  111,  116;  blasto- 
style,  112;  body  wall,  112;  coe- 
nosarc,  111,  112;  ectoderm,  112; 
endoderm,  112;  enteric  cavity, 
112;  gonangia,  111,  112;  gono- 
theca,  112;  hydranths,  111; 
hydrocauli,  111,  116;  hydro- 
rhiza,  111,  116;  life  processes, 
115-117;  medusa,  112;  rneso- 
gloea,  112;  metagenesis,  111; 
mouth,  112;  nutrition,  115; 
perisarc,  111,  112;  reproduc¬ 
tion,  116;  stalk,  111;  struc¬ 
ture,  111-115;  tentacles,  112; 
zooids,  111,  115,  116 
Occipital  condyles,  229 
Occipito-vertebral  arteries,  198 
Ocelli,  163 
Octopus,  172,  181 
Oesophagus,  Bee,  159;  Clam,  175; 
Crayfish,  141;  Earthworm,  122; 
Frog,  191 

Olfactory  lobes,  206 
Olfactory  nerves,  206 
Olfactory  organs,  Bee,  162;  Cray¬ 
fish,  148;  Frog,  215 
Ommatidia,  Bee,  163;  Crayfish, 
149 

Onion,  root  tip,  2 ;  laboratory,  267 

Oogenesis,  laboratory,  375 

Operculum,  Frog,  250;  Moss,  68 

Opossum,  256 

Optic  lobes,  206 

Oral  lobes,  113 

Orbits,  218 

Organ  of  Corti,  217 

Organ  systems,  Earthworm,  119 


Organs,  derivation  of,  246 
Osmosis,  3  (see  Diffusion) 
Osphradium,  181 
Ossicles,  auditory,  216,  217 
Osteoblasts,  228 

Ostia,  Bee,  160;  Clam,  178; 

Crayfish,  144 
Ostium,  251 

Outer  chamber,  eye,  220 
Ova  (see  Eggs) 

Ovaries,  Bee,  164;  Clam,  181; 
Crayfish,  150;  Earthworm,  133; 
Frog,  189,  237;  Hen,  251; 
Hydra,  108  (see  Gonads) 
‘Ovary,’  flower,  94 
Oviducts,  Bee,  164 ;  Hen,  251 ; 
Crayfish,  150;  Earthworm,  133 ; 
Frog,  189;  Mammal,  256 
Oviparous  Mammals,  256 
Ovule  case,  94 
Ovules,  94,  96 
Oysters,  172 

P 

Palatine  bones,  231 
Palisade  cells,  92 

Palps,  labial,  154;  maxillary,  154 
Pancreas,  188,  194,  205 
Paramecium  aurelia,  32,  33 
Paramecium,  description,  26-35 ; 
laboratory,  279;  adaptation,  34 ; 
amphimixis,  32 ;  anal  spot,  29 ; 
cilia,  8,  27,  34 ;  conjugation, 
31,  32;  contractile  vacuoles, 
28,  30 ;  cyclosis,  7,  29 ;  ecto¬ 
plasm,  27 ;  endomixis,  31 ;  en¬ 
doplasm,  28;  excretion,  30; 
gastric  vacuoles,  28,  29;  gullet, 
27 ;  life  history,  31 ;  life  pro¬ 
cesses,  28-35 ;  macronucleus, 
28,  31 ;  micronucleus,  28,  31 ; 
mitosis,  30 ;  movement,  34 ; 
motor  response,  34;  neuromo- 
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tor  apparatus,  35;  nucleus,  28; 
nutrition,  28 ;  pellicle,  27 ;  peri¬ 
stome,  27 ;  reproduction,  30 ; 
respiration,  30 ;  structure,  26-28 ; 
synkarvon,  32,  33 ;  trichocysts, 
27 ;  vs.  Amoeba,  26 
Parasite,  41 

Parasitism  vs.  symbiosis,  105 
Parasphenoid  bones,  230 
Parthenogonidia,  61 
Pasteur,  48 
Peat  bog,  70 
Pecten,  157 

Pectoral  girdle,  233,  234 
Pedal  ganglion,  180 
Pedicel,  73 

Pellicle,  Paramecium,  27 ;  Vorti- 
cella,  37 

Pelvic  girdle,  187,  234 
Pelvic  veins,  Frog,  197 
Penicillium,  56 

Pentadactyl  limbs,  186,  233,  235 
Pepsin,  193 
Peptones,  193 
Perianth,  94 

Pericardial  sinus,  Bee,  160 ;  Cray¬ 
fish,  143 

Pericardium,  Clam,  175,  176; 

Crayfish,  143 ;  Frog,  188,  196 
(see  Pericardial  sinus) 

Pericarp,  80 
Perilymph,  217 
Perimysium,  224 
Perineurium,  213 
Periosteum,  229 
Perisarc,  111,  112 
Peristalsis,  Earthworm,  126 ;  Frog, 
193 

Peristome,  Paramecium,  27 ;  Vor- 
ticella,  36 
Peritoneum,  189 
Petals,  94 
Petiole,  72,  91 


Phalanges,  234,  235 

Pharynx,  Earthworm,  122,  124 ; 

Frog,  244 
Phloem,  86 

Photosynthesis,  5,  18,  21,  23,  60, 
64,  69,  75,  81,  92,  105;  vs.  res¬ 
piration,  19  (see  Nutrition,  holo- 
phytic) 

Phototropism,  25 
Pia  mater,  208 
Pileus,  57 
Pincer,  137,  139 
Pine  Tree  Blister,  57 
Pineal  body,  206 
Pinnae,  72 
Pinnules,  72 
Pisces,  184 
Pistil,  94 
Pith,  72,  86,  88 
Pituitary  body,  204,  207 
Placenta,  257 
Planula,  Gonionemus,  117 
Plasma,  blood,  125,  195 
Plastids,  3 
Pleura,  137 
Pleurobranchiae,  146 
Pleurococcus,  description,  17-20 ; 
laboratory,  275;  cell  groups, 
20;  cell  wall,  18;  chloroplastid, 
18 ;  cytoplasm,  18 ;  life  pro¬ 
cesses,  18-20;  nucleus,  18;  nu¬ 
trition,  18;  reproduction,  20; 
respiration,  19;  structure,  17-18 
Plexus,  brachial,  212;  sciatic,  212; 

solar,  214;  urogenital,  214 
Plumule,  79,  89 
Pneumonia,  46 

Poison  glands,  Bee,  158;  Frog, 
187 

Poison  sac,  158 
Pollen,  94,  95 ;  as  food,  168 
Pollen  baskets,  156 
Pollen  brush,  155 
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Pollen  spur,  156 
Pollen  tube,  95 
Polymorphism,  170 
Portal  systems,  198 
Posterior  chamber,  eye,  220 
Potato  Rot,  57 
Premaxillary  bones,  230 
Premolar  teeth,  231 
Primary  growth,  89 
Primates,  256 
Primitive  streak,  253 
Processes,  articulating,  232 ;  trans¬ 
verse,  232 
Proctadeum,  246 
Pronephric  duct,  Frog,  250 
Pronephros,  Frog,  250 
Pronuclei,  Ascaris,  laboratory,  377  ; 

Paramecium,  33 
Prootic  bones,  229 
Propolis,  168 

Prostomium,  Earthworm,  119 
Protein,  synthesis,  19;  decay,  45 
Prothallus,  73,  74 
Prothorax,  154 
Protonema,  69 
Protophyta,  6,  17 
Protoplasm,  1,  5,  7,  9,  14  (see  Cyto¬ 
plasm) 

Protoplasmic  movement,  5-8 
Protoplast,  65 
Protopodite,  138 
Prototheria,  255 

Protozoa,  8,  9,  21,  26,  36,  59;  vs. 

Metazoa,  59,  99 
Pseudopodia,  7,  10,  22,  103 
Pteridophyta,  71 
Pterygoid  bones,  231 
Pubis,  234 

Pulmocutaneous  arteries,  197 
Pulmonary  artery,  197 
Pulmonary  veins,  196 
Pulvillus,  156 
Pupa,  165,  166,  169 


Pupil,  219 

Pyloric  chamber,  141 
Pylorus,  188 

Pyrenoids,  Euglena,  23 ;  Spiro- 
gyra,  64 

Q 

Quadrato-jugal  bones,  230 
Quahog,  172 
Queen,  Bee,  153,  164 
Queen-cells,  168 

R 

Radial  canals,  113 
Radicle,  79 
Radio-ulna,  234 

Radish,  seedling,  83 ;  seedling, 
laboratory,  299 
Radius,  234 
Rays,  184 

Reaction,  avoiding,  Paramecium, 
34 

Receptacle,  93 
Rectum,  188,  192 
Red  corpuscles,  195 
Reflex  action,  131,  221 
Regeneration,  Earthworm,  135 ; 
Hydra,  107 

Renal  aperture,  179,  181 
Renal  portal  systems,  198 
Renal  veins,  Frog,  197 
Reno-pericardial  aperture,  179 
Reproduction,  Amoeba,  15;  asex¬ 
ual,  15,  20,  24,  31,  47,  52,  55, 
61,  64,  68,  69,  72,  106,  116,  135; 
Bacteria,  47 ;  binary  fission,  24 ; 
budding,  52,  106;  Euglena,  24; 
Flowering  Plants,  94 ;  Fern,  74  ; 
Hydra,  107;  Gonionemus,  117; 
Hydra,  106;  Mold,  55;  Moss, 
67;  Obelia,  116;  Paramecium, 
30;  Pleurococcus,  20;  sexual, 
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56,  61,  65,  67,  73,  94,  107,  117, 
132,  149,  163,  181,  236,  251,  255; 
Spirogyra,  64;  vegetative,  69; 
Volvox,  61;  Vorticella,  39; 
Yeast,  52  (see  Reproductive 
system,  Development) 
Reproductive  system,  Bee,  163; 
Bird,  251 ;  Clam,  181 ;  Cray¬ 
fish,  149;  Earthworm,  132; 
Frog,  236;  Hen,  251 ;  Mammal, 
256 

Reptilia,  184,  185  * 

Respiration,  Amoeba,  14 ;  Bac¬ 
teria,  44;  Bee,  160;  Clam,  179; 
Crayfish,  145;  embryonic,  250, 
258;  Frog,  198,  199,  201; 

Green  plants,  19;  Hydra,  106; 
Paramecium,  30 ;  Pleurococcus, 
19;  processes  of,  14;  vs.  pho¬ 
tosynthesis,  19;  Yeast,  52  (see 
Respiratory  system) 

Respiratory  movements,  200 
Respiratory  system,  Bee,  159; 
Clam,  178;  Crayfish,  145; 
Earthworm,  128;  Frog,  200; 
Insects,  152 
Retina,  219 
Rhizoids,  67,  74 
Rhizome,  72 
Rods,  of  eye,  219 
Root  cap,  83 

Root,  description,  83-84;  labora¬ 
tory,  299;  functions,  83;  grow¬ 
ing  point,  83 ;  hairs,  73,  84 ; 
meristem,  83 ;  permanent,  82 ; 
primary,  82 ;  structure,  83 ; 
tissues,  83 

Roots,  Fern,  72 ;  Flowering  Plants, 
83;  teeth,  231 
Rose,  leaf,  91,  92 
Rostrum,  137 
Rots,  plant,  46 
Rust,  plant,  57 


S 

Sacculus,  217 
Salamanders,  185 
Sarcolemma,  224 
Sarcomeres,  224 
Sarcoplasm,  224 
Sarcostyles,  224 
Scaphognathite,  140,  146 
Scapula,  234 
Sciatic  veins,  197 
Sclerenchyma,  86 
Sclerotic  coat,  eye,  218 
Scutellum,  80 
Seals,  185 
Sea-squirts,  184 
Secondary  growth,  90 
Secretion,  internal  organs  of  (see 
Endocrine  system) 

Secretions,  internal  (see  Hormones) 
Seed,  albuminous,  78;  Bean,  79; 
Bean,  laboratory,  297 ;  Buck¬ 
wheat  type,  79;  coat,  79;  col- 
eoptile,  80;  Corn,  80;  Corn, 
laboratory,  297 ;  dicotyledonous, 
79;  Elm,  81;  embryo,  79,  80; 
endosperm,  80,  96 ;  ex-albumi¬ 
nous,  78 ;  Flowering  Plants,  78- 
81 ;  formation,  96 ;  germina¬ 
tion,  80 ;  hilum,  79 ;  hypocotyl, 
79 ;  monocotyledonous,  80 ;  peri¬ 
carp,  80;  plumule,  79;  radicle, 
79;  resting  period,  97  j  scutel¬ 
lum,  80 

Seed  plants,  76  (see  Flowering 
Plants) 

Seedling,  Bean,  82 ;  Bean,  labo¬ 
ratory,  97;  Corn,  82;  Corn, 
laboratory,  297 ;  dicotyledonous, 
82;  formation  of,  81;  inter- 
nodes,  82 ;  nodes,  82 ;  per¬ 
manent  root,  82 ;  primary  root, 
82 ;  Radish,  83 ;  Radish,  labo¬ 
ratory,  299 
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Segmental  ganglion,  129,  130 
Segmentation  cavity,  241,  253 
Segmentation,  Bee,  152-157 ;  Cray¬ 
fish,  137;  Earthworm,  118;  In¬ 
sects,  152 

Semicircular  canals,  217 
Seminal  receptacle,  Crayfish,  150; 
Earthworm,  133 

Seminal  vesicle,  Bee,  164;  Earth¬ 
worm,  132,  133 

Sense  organs,  Bee,  162 ;  Clam, 
180;  Crayfish,  140,  148;  Frog, 
206,  214;  Gonionemus,  114 
Sensitive  Plant,  6;  laboratory,  271 
Sepals,  93 
Septa,  121 
Septicaemia,  46 
Serosa,  192 
Setae,  120,  121,  148 
Sexual  characters,  138,  150,  158, 
236 

Shank,  186 

Sharks,  184 

Sheath,  medullary,  213 

Shell,  Clam,  173;  Hen’s  egg,  252; 

Mollusca,  172 
Sieve  tubes,  86 
Silk,  formation  of,  169 
SilkWorm,  169;  cocoon,  170 
Sinus  venosus,  196 
Sinuses,  blood,  142,  160,  144,  145, 
177 

Siphons,  Clam,  174,  181 
Skeleton,  229 

Skin,  Frog,  187,  200,  215;  labo¬ 
ratory,  367 

Skull,  Frog,  229;  Mammals,  231 
Slipper  animalcule  (see  Parame¬ 
cium)  * 

Slugs,  172 
Smut,  of  plants,  57 
Snails,  172,  173 
Snakes,  185 


Somatic  layer,  Frog,  245;  Chick, 
254 

Somatopleure  (see  Somatic  layer) 
Somites,  118 
Sori,  73 

Sperm,  Bee,  164;  Clam,  181; 
Crayfish,  149;  Earthworm,  132, 
133 ;  Fern,  74  ;  Flowering  Plants, 
95 ;  Frog,  236,  237 ;  Gonione¬ 
mus,  117;  Hydra,  108;  Mam¬ 
mal,  256 ;  Moss,  67 ;  Volvox, 
61 

Sperm  ducts,  Earthworm,  132  (see 
Vas  deferens,  Vasa  efferentia) 
Spermatheca,  Bee,  164 
Spermatic  tubules,  Bee,  163 
Spermatids,  237 
Spermatocytes,  237 
Spermatogenesis,  laboratory,  373 
Spermatogonia,  237 
Spermatophyta,  76 
Sphaerella,  6,  7,  17,  21 
Sphagnales,  70 
Sphagnum,  70 
Sphenethmoid  bones,  230 
Spinal  column,  184 
Spinal  cord,  205,  208,  243 
Spinal  nerves,  Frog,  211,  212; 

Mammal,  211 
Spine,  neural,  232 
Spiracles,  159 
Spirilla,  42 

Spirogyra,  description,  63-65 ;  labo¬ 
ratory,  291 ;  cell  division,  65 ; 
cell  sap,  64;  cell  vacuole,  64; 
cell  wall,  63 ;  chloroplastids, 
64 ;  cytoplasm,  63 ;  female  ele¬ 
ment,  65 ;  life  processes,  64,  65  ; 
male  element,  65 ;  nucleus,  64 ; 
nutrition,  64;  photosynthesis, 
64 ;  protoplast,  65 ;  pyrenoids, 
64;  reproduction,  64;  structure, 
63 
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Splanchnic  layer,  Frog,  245 ; 
Chick,  254 

Splanchnopleure  (see  Splanchnic 
layer) 

Spleen,  188 
Spoon,  Bee,  154 

Sporangia,  55;  Fern,  73;  Flower¬ 
ing  Plants,  94;  Mold,  56;  Moss, 
68 

Sporangiophores,  55 
Spore  capsule,  Fern,  73 ;  Moss,  68 
Spores,  Bacteria,  47 ;  Fern,  73 ; 
Flowering  Plants,  95;  Mold, 
56;  Moss,  68;  Yeast,  52 
Sporophore,  57 
Sporophylls,  73 

Sporophyte,  Fern,  72;  Moss,  68; 

Flowering  Plant,  77,  78,  82-98 
Squamosal  bones,  231 
Squid,  181,  172 
Stamens,  94 
Stapes,  216 
Staphylococci,  48 
Starch,  animal,  194;  plant,  19 
Statocyst,  Clam,  181 ;  Crayfish, 
140,  148;  Gonionemus,  114 
Statoliths,  149 
Stele,  83 

Stem,  description,  84-88;  labora¬ 
tory,  301 ;  annual,  85 ;  annual 
rings,  87 ;  Aristolochia,  85 ; 
biennial,  85 ;  cambium  ring,  86 ; 
chlorenchyma,  86 ;  conducting 
agents,  86;  Corn,  88;  cortex, 
86 ;  dicotyledenous,  85 ;  en¬ 
dogenous,  88;  epidermis,  85, 
87 ;  exogenous,  86 ;  Fern,  72 ; 
functions,  84 ;  growth,  87 ; 
heart-wood,  87 ;  medullary  rays, 
87 ;  meristem,  87 ;  monocoty- 
ledenous,  88 ;  Moss,  66 ;  per¬ 
ennial,  85;  phloem,  86;  pith. 
86,  88 ;  sapwood,  87 ;  scler- 


enchyma,  86;  sieve  tubes,  86; 
spring  growth,  87 ;  structure, 
85 ;  summer  growth,  87 ;  vas¬ 
cular  bundle,  86,  88 ;  woody, 
87 ;  xylem,  86 
Sternal  sinus,  144 
Sternum,  233 ;  Bee,  157 ;  Cray¬ 
fish,  137;  Frog,  187 
Stigma,  Euglena,  23,  25;  Flower, 
94;  Volvox,  60 
Sting,  157 
Stipe,  57 
Stipules,  leaf,  91 
Stolons,  Mold,  55 
Stoma,  leaf,  92 

Stomach,  Bee,  159;  Clam,  175; 

Crayfish, 141 ;  Frog,  188, 191, 192 
Stomach-mouth,  Bee,  159 
Stomadeum,  246 
Stratum  compactum,  187 
Stratum  spongiosum,  187 
Streptococci,  48 

Structure,  Amoeba,  9-11;  Bac¬ 
teria,  42-43 ;  Bee,  external, 
152-158;  Cells,  2-4;  Clam,  ex¬ 
ternal,  173;  Crayfish,  136-141; 
external,  Clam,  173;  external, 
Earthworm,  119;  Euglena,  21- 
23;  Fern,  72-74;  Flowering 
Plant,  82-98 ;  Frog,  external, 
185-187;  Gonionemus,  112; 
Hydra,  99-104;  Insects,  152; 
Mold,  54;  Moss,  66;  Obelia, 
111-115;  Paramecium,  26-28; 
Pleurococcus,  17-18;  Spirogyra, 
63  ;  Volvox,  60  ;  Vorticella  36- 
38;  Yeast,  50 
Style,  94 
Submentum,  154 
Submucosa,  192 

Suboesophageal  ganglion,  Bee, 
161 ;  Crayfish,  148 
Subscapular  veins,  196 
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Sucker,  ventral,  244 
Sugar,  synthesis  of,  19 
Sulcus  marginalis,  191 
Sunflower,  movement  of,  6 
Suprabranchial  chamber,  178 
Swarming,  Bee,  165 
Swimming  movement,  Gonione- 
mus,  114 

Symbiosis,  Hydra,  105;  Lichens, 
58;  vs.  parasitism,  105 
Synkaryon  (see  Fertilization) 
Systemic  arches,  197 

T 

Tactile  organs,  Bee,  162;  Cray¬ 
fish,  148 

Tadpole,  metamorphosis,  247 ; 

structure,  246 
Tail  bud,  243 
Tail  fold,  254 

Tail,  Frog,  degeneration,  248 
Tarsus,  155 

Taste,  Bee,  162;  Frog,  215 
Teeth,  231 ;  alveoli,  231 ;  ca¬ 
nine,  231 ;  crowns,  231 ;  dental 
formula,  232;  dentine,  231; 
Frog,  191 ;  incisor,  231 ;  in 
Mammals,  231;  milk,  232; 
molar,  231 ;  premolar,  231 ; 
roots,  231 ;  vomerine,  191 
Telson,  137 
Tendons,  223,  227 
Tentacles,  Gonionemus,  113;  Hy¬ 
dra,  100;  Obelia,  112 
Tergum,  Bee,  157 ;  Crayfish,  137 
Testes,  Clam,  181 ;  Frog,  189, 
236,  237 ;  Bee,  163 ;  Crayfish, 
149;  Earthworm,  132;  Frog, 
histology,  237 ;  Hydra,  108  (see 
Gonads) 

Tetanus,  44,  46 
Tetracocci,  48 
Thallophyta,  41 


Thallus,  41 
Thigh,  186 
Thoracic  cavity,  190 
Thoracic  ganglia,  Bee,  161,  162 
Thorax,  Bee,  154;  Crayfish,  137; 
Insects,  152 

Tibia,  Bee,  155;  Frog,  235 
Tibio-fibula,  235 
Toads,  185 
Toadstools,  57 
Tongue,  Frog,  190,  193 
Toxins,  47 

Trachea,  Bee,  159;  Frog,  200; 

Insects,  152 
Tracheal  trunks,  160 
Transition  cells,  168 
Transpiration,  leaf,  92 
Transverse  processes,  232 
Trees,  annual  rings,  87 ;  bark, 
87;  Cedar,  76;  epidermis,  87; 
growth  in,  87 ;  heart-wood,  87 ; 
medullary  rays,  87 ;  Palms, 
76;  perennial,  85;  Pine,  76; 
pith,  88 ;  sap-wood,  87 ;  Spruce, 
76;  stem,  87 
Trichobacteria,  43 
Trichocysts,  27 
Triploblastic  animal,  100 
Trochanter,  155 
Trophoblast,  257 
Trout,  184 
Trunk,  Frog,  185 
Trypsin,  194 
Tuberculosis,  46,  171 
Tunicata,  184 

Turtle,  185;  exoskeleton,  226 
Tympanic  membrane,  186,  216 
Typhlosole,  122 
Typhoid,  46,  171 

U 

Ulna,  234 

Umbilical  artery,  258 


410 


INDEX 


Umbilical  cord.  258 
Umbilical  veins,  258 
Umbo,  173 
Ungulates,  25G 
Unio,  172 

Uniramous  appendage,  138 
Univalves,  173 
Urea,  201 ;  formation,  195 
Ureter,  189,  202 
Urethra,  203 
Uriniferous  tubules,  202 
Urodela,  184 

Urogenital  canals,  189,  236 
Urogenital  system,  Frog,  189 
Uropod,  138 
Urostyle,  232 

Uterus,  256;  Earthworm,  134; 

Frog,  190,  238;  Mammal,  256 
Utriculus,  217 

V 

Vagina,  164 
Valve,  Clam  shell,  173 
Vas  deferens,  Bee,  164;  Crayfish, 
150 

Vasa  efferentia,  236 
Vascular  bundles,  Fern,  72 ;  Flow¬ 
ering  Plant,  86,  88 
Vascular  plants,  71 
Vascular  system,  Bee,  160;  Clam, 
176;  Crayfish,  142;  Earth¬ 
worm,  125;  Frog,  195;  labora¬ 
tory,  339,  347 
Vascular  tissue,  leaf,  91,  93 
Vegetal  pole,  238 
Vein,  hepatic  portal,  197 
Veins,  Frog,  195,  196,  198;  leaf, 
91 ;  umbilical,  258  (see  Vascular 
system) 

Velum,  Bee,  155;  Gonionemus, 
113 

Vena  cava,  Clam,  177 ;  Frog,  196 
Venation,  leaf,  91 


Venter,  67 

Ventricles,  Bee,  160;  brain,  Frog, 
207-208;  Clam,  176;  Frog,  195 
Venus  mercenaria,  172 
Vernation,  bud,  89 
Vertebra,  Frog,  232 
Vertebral  column,  Frog,  187,  232; 
Mammal,  233 

Vertebral  plate,  Frog  embryo, 
245 

Vertebrates,  183-185 ;  coelom, 
190 ;  limbs,  comparison  of,  235 ; 
development,  240-258;  exoskel¬ 
eton,  226;  skeleton,  229;  teeth, 
231  (see  Frog,  Mammals) 

Vessel,  afferent  branchial,  Cray¬ 
fish,  146 

Vessel,  lateral-neural,  126 
Vessel,  sub-neural,  126 
Vessels,  intestinal,  126;  parietal, 
126;  segmental,  126 
Vestibule,  Vorticella,  36 
Vinegar,  formation  of,  46 
Viscera,  Frog,  187 
Visceral  ganglion,  180 
Visceral  mass,  Clam,  174 
Vitelline  membrane,  237 
Vitreous  chamber,  eye,  220 
Vitreous  humor,  220 
Viviparous  Mammals,  256 
Vocal  cords,  200 
Vocal  sacs,  191 

Volvox,  109;  description,  59-62; 
laboratory,  289 ;  chloroplastids, 
60;  ectoplasm,  60;  endoplasm, 
60;  flagella,  60;  life  processes, 
60 ;  matrix,  60 ;  nucleus,  60 ; 
nutrition,  60 ;  parthenogonidia, 
61 ;  reproduction,  61 ;  somatic 
cells,  60 ;  specialization,  59 ; 
stigma,  60;  structure,  60;  vs. 
Hydra,  99;  zygote,  62 
Vomers,  230 
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Vorticella,  description,  36-40;  lab¬ 
oratory,  281 ;  anal  spot,  38 ; 
axial  filament,  37 ;  cilia,  8,  37 ; 
conjugation,  39 ;  contractile  vac¬ 
uole,  37,  38 ;  cyclosis,  38 ; 

ectoplasm,  37 ;  endoplasm,  38 ; 
epistome,  36 ;  excretion,  38 ; 
gastric  vacuole,  37 ;  gullet,  37 ; 
life  processes,  38-40;  locomo¬ 
tion,  38;  4  macrogamete,’ 39;  mac¬ 
ronucleus,  37;  ‘microgamete,’ 
39 ;  micronucleus,  37 ;  mvone- 
mes,  37 ;  nutrition,  38 ;  pellicle, 
37 ;  peristome,  36 ;  reproduc¬ 
tion,  39;  sessile,  38;  structure, 
36-38 ;  synkaryon,  40 ;  vesti¬ 
bule,  36 

W 

Water  tubes,  178 
Wax,  167 

Wax  glands,  157,  167 
Wax  pincers,  157 
Web,  interdigital,  186 
Whales,  185 
White  corpuscles,  195 
White  fibrous  tissue,  226 
Wings,  Bee,  154 
Womb,  256 
Wood,  cells,  87 


Worker,  Bee,  153 
Worker-cells,  168 

Worms,  segmented,  1 18  (see  Earth¬ 
worm) 

Wrist,  186 

X 

Xylem,  86 

Y 

Yeast,  46;  description,  50-53; 
laboratory,  285;  alcoholic  fer¬ 
mentation,  52 ;  bread-making, 
53;  budding,  52;  cell  vacuole, 
51;  cell  wall,  50;  compressed, 
50;  cytoplasm,  50;  economic 
importance,  53 ;  enzymes,  52 ; 
excretion,  51 ;  fermentation,  53 ; 
life  processes,  51-53;  nucleus, 
51 ;  nutrition,  51 ;  reproduction, 
52;  spore  formation,  52;  struc¬ 
ture  50 ;  ‘  wild  strains,  ’  50 
Yolk  plug,  242 

Z 

Zoogloea,  48 
Zooids,  111 
Zoology,  1 
Zygopophyses,  232 
Zygospore,  56 

Zygote,  56  (see  Fertilization) 
Zymase,  52 
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